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New  simplicity, 


•hp-  540A  Transfer  Oscillator 


•hp-  524B  Electronic  Counter 


Measure  frequency  to  12  KMC  on 
pulsed,  AM,  FM,  CW  and  noisy  circuits 

Fast,  convenient,  simple  set  up 


Just  two  -hp-  instruments— Model  540A  Transfer  Oscil¬ 
lator  and  Mtxlel  524B  Electronic  Counter  (with  plug-ins) 
permit  you  to  measure  unknown  frequency  to  12  KMC 
with  speed  and  accuracy. 

Complex  instrument  arrangements  and  tedious  trial-and- 
error  work  are  eliminated.  When  approximate  signal  fre¬ 
quency  is  known,  the  540A  oscillator  is  merely  tuned  until 
one  of  its  harmonics  zero  beats  with  the  unknciwn.  The 
multiplying  factor  is  noted,  and  the  540A  frequency 
measured  precisely  on  the  524B  Counter.  The  524B  read¬ 
ing,  times  the  multiplying  factor,  is  the  unknown. 

When  the  signal  frequency  is  totally  unknown,  a  simple 
calculation  employing  two  or  more  harmonics  determines 
the  proper  multiplying  factor;  the  measurement  is  then 
made  as  before. 

On  clean  CW  signals  accuracy  is  about  1/1,000,000;  over¬ 
all  accuracy  is  better  than  10  times  that  of  the  best  micro- 
wave  wavemeters. 


For  complete  discussion  and  information, 
see  your  -hp-  representative  or  write  -hp- 
for  Technical  Data  sheets  and  -hp-  Journal, 
Volume  6,  Number  12. 


Many  different  uses 

The  unique  540A  524B  combination  is  particularly  useful 
for  swift  CW  and  AM  frequency  determination,  measur¬ 
ing  center  frequency  or  deviation  range  on  FM  signals, 
measuring  frequency  on  high  noise  circuits  and  making 
high-accuracy  measurements  on  pulsed  signals. 

Features  — Model  540/1  Transfer  Oscillator 

Oscillator  Fundamental  Frequency  Range  100  to  220  MC. 
Harmonic  Frequency  Range  to  12  KMC.  Stability  better 
than  0.002%  change  per  minute  after  warmup.  Output  2  v 
into  50  ohms.  Attenuator  range  20  to  80  db,  into  50  ohms, 
low  SWR.  Amplifier  40  db  variable  gain,  1  v  output.  Self- 
contained  oscilloscope  100  cps  to  200  KC,  vertical  deflec¬ 
tion  sensitivity  5  mv  rms  inch  at  mixer  output.  Prices: 
-hp-  540A  Transfer  Oscillator,  S615.00;  -hp-  524B  Elec¬ 
tronic  Counter,  $2,1 50.00;  -hp-  525B  Frequency  Converter 
Unit,  $250.00. 

C  ita  subject  to  change  ti  ithout  notice.  Prices  f.o.b.  factory. 

HEWLETT-PACKARD  COMPANY 

4192A  PAGE  Mill  ROAD,  PAIO  ALTO,  CALIFORNIA,  U.S.A. 
CABLE  "HEWPACK"  •  DAVENPORT  5-4451 
Field  representadves  in  all  principal  areas 


Field  representaOves  ii 

— hp— at  IRE  .  .  .  Top  of  escalators  as  you  enter  show 


counter  accuracy! 


Complete  instrumentation  for  frequency  measurement 
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This  instrument’s  wide  frequency  range,  excellent  shielding,  sturdy  construction,  and  low  cost  make  it  one  of  the 


W  - 


OLlTPijT 


I  most  popular  Standard-Signal  Generators  available.  Simplicity  of  design  has  resulted  in  a  very  high  performance-to-cost 

I  ratio.  Stability  and  low  drift  are  assured  by  high-quality  components,  low  power  consumption,  and  stabilized  power 

^e-  i  supply.  Internal  modulation  is  provided  over  a  range  of  0  to  80%. 


26; 


Cttiiw  FravNKy  5-kc  to  50-Mc  in  eight  direct- 

ttading  ranges. 

FngMKy  CalikraUee;  ^1%  accuracy;  logarithmic  variation 
ines  constant  precision  of  setting  over  most  of  range. 

knaaetal  Frtgveecy  DM:  Indicates  frequency  increments 
Firectly  in  percent. 

DMrtVtttati:  Attenuator  Jack :  0.1  r>v  to  200  mv  open  circuit, 
tMtinuously  adjustable. 

Second  Panel  Jack:  2-VOLTS  to  at  least  15  Me. 

Mpat kMedance:  Attenuator  Jack:  10 fi  except  for  highest 
ettenuator  position  where  impedance  is  500;  500  when 
fOQ  Series  Unit  is  used.  250  at  end  of  Terminated  Cable 
2  V0LT  Panel  Jack;  3000. 

Vallate  Accwacy:  Below  10  Me;  =^(6%  -f  0.1  riv) 
"ith  output  dial  near  lull  scale. 

Aliove  10  Me:  ><>(10%  -|-  0.3riv)  near  full  scale. 

At2  V0LTS  Jack:  =*=3%  to  15  Me. 


AapHtnde  Medilatlei:  Adjustable  from  zero  to  80%  —  in¬ 
dicated  on  panel  meter.  Internal  modulation  is  400  cycles, 
external  modulation  from  20  cycles  lo  15  kc  flat  within  s<>l  db. 

lecMeetal  Freqiwcy  MadelatlN:  No  more  than  30  to'300 
ppm  over  most  of  range  at  80%  a-m;  proportionately  less 
at  lower  modulation  percentages. 

Cairiar  Heist  Laval:  Corresponds  to  about  0.1%  modulation. 

Ltakaft;  Stray  fields  at  1  Me  are  less  than  l>tv  per  meter, 
two  feet  from  generator. 

Strvlciai  Ftatura;  Oscillator  section  plugs  into  shielded 
compartment  and  is  easily  removed  for  operation  outside 
the  cabinet,  making  servicing  particularly  easy. 

Accessaries  SapplM:  Double-shielded  coaxial  cable  with 
G-R  874  Connectors,  500  Termination  Unit,  400  Series 
Unit.  874  Adaptor  to  banana  plug,  extra  cable  and  panel  con¬ 
nectors,  spare  fuses,  and  power  cord. 

DtaaMlaas:  14  H*  x  20H*  x  lOKe*  Nat  Walflit:  54  lbs. 


GENERAL  RADIO  Company 
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miiAHirHiA:  td.  hakscIi  4.ni>  washwcton.  0.  C!  ru  iun<««  i-  ion 
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NATIONAt.  CONVBNTION 
Booths  330a-3310 

on  display: 

...new  Transfer -Fwncli*ii  M«l*r  for 

complete  investigation  of  basic  transis¬ 
tor  properties  at  vhf  and  uhf  and  meas¬ 
urement  of  other  complex  transfer  func¬ 
tions. 

. . .  VHF-UHF  Dielectric  Meosering  Une 
for  accurate  and  simplified  measure¬ 
ment  of  dielectric  constant  and  loss  of 
solid  materials. 

. . .  Variable  Delay  Line  based  on  unique 
skewed-turn  principle. 

. . .  Pulse  Equipment  —  Impedance 
Comparator  —  D-C  Amplifier  and  Elec¬ 
trometer  —  Standards  —  Variacs  —  and 
many  other  measuring  instruments. 
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CAN  YOUR  PRODUCT  TAKE  IT?  The  environmental  flight  conditions  facing 
avionics  products  today  are  extremely  precarious.  Only  the  toughest  products  are  meeting  the  test . . . 
and  only  thorough  objective  testing  will  tell  you  how  tough  your  product  really  is.  The  men  at  American 
Laboratories  are  testing  experts.  By  inventive  flight  simulation  in  their  lab,  they  tell  you  if  your  product 
can  take  it  or  help  you  in  developing  new  products.  Their  laboratories  have  the  latest  in  instrumentation 
and  environmental  test  gear . . .  over  13,000  square  feet  specifically  designed  to  accommodate  develop¬ 
ment,  qualification,  quality  control  and  reliability  testing  of  electrical,  electro-mechanical  and  elec- 
tromc  packages  and  components.  Write  for  illustrated  brochure  9000.1 

~  AMERICAN  LABORATORIES 


1536  E.  Ross  Avenue,  Fullerton,  Califoniia 
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FAST  RESPONSE-LOW  DISTORTION 


The  Only  AC  REGULATOR  with  Distortion  LESS 
than  0.35%  and  Response  Time  LESS  Than  1  cycle 
—  and  Regulation  Accuracy  Held  Within  ±0.25% 
for  Line  and  Load  Combined! 


This  new  type  of  AC  Regulator,  the  Sorensen 
PRLD  750,  features  the  ability  to  reduce  line 
distortion  below  0.35%,  with  exceptionally  fast 
response  time.  Transients  caused  by  line  or 
load  changes  are  suppressed  within  less 
than  one  cycle. 

Even  when  input  distortion  is  above  that  of 
normal  utility  supply,  output  distortion  is  reduced 
by  a  factor  of  at  least  8:1.  The  magnitude  of 
transients  —  line  or  load  —  is  likewise  reduced 
by  the  same  8:1  factor. 

The  new  FRLD  750  Regulator  provides  two 
output  ranges  .  . .  0-750  and  0-1200  Volt  Amps. 

The  instrument  weighs  only  100  pounds,  and 
dimensions  are:  19  x  12%  x  15%  inches. 

The  cost  of  this  new,  high-performing  close¬ 
regulating  Sorensen  development  is  good  news 
too  —  only  $825. 

Get  the  complete  story,  or  a  demonstration  of 
its  high-level  performance,  by  calling  your 
Sorensen  representative.  Or  wire  or  write  for  full 
technical  details. 


See  the  NEW  Nobatroiu  — 
and  all  the  new  Sorensen 
Power  Supply  developments 
—  both  AC  and  DC 
at  our  IRE  exhibit. 

Booths  2627-2629 


CONTROLLED  POWER  FOR 
RESEARCH  AND  INDUSTRY 


SORENSEN  &  COMPANY,  INC. 

■rds  Av«nu«,  South  Norwalk,  Connecticut 


In  Europe,  contact  Sorensen-Ardag.  Eichstrasse  29,  Zurich,  Switzerland,  for  all  products  including  50  cycle.  220  volt  equipment 
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for  twenty  years  the  leader 
in  subminiature  tubes 


Presents  the 
first  complete  line  of 


PNP  GERMANIUM 


Th*s«  ntw  Raythton  Submin  Tran* 
sittort  hava  oha-fourlaanth  Ih* 
valwma  of  tha  JETEC>30  pockagt. 


RELIABLE 

SUBMIN 

TRANSISTORS 

in  large  quantity  production  —  available  from  stock 

featuring  PROVED  PERFORMANCE 

Over  one  half  million  in  service 
Low  leakage  current  (Lo) 

High  frequency  characteristics 


SUBMIN 

Type 

JETEC-30 

Electrical 

Equivalent 

Vet 

max. 

volts 

tab 

ave. 

Me 

Hrt, 

ave. 

la  =  1  ma 

VcE  =  — 0.25V 

Hrt, 

ave. 

la  =  10  ma 
VcE=  — 0.35V 

Rise  Time* 

max. 

Msec 

CK28 

2N425 

-20 

30 

18 

'  1.0 

CK26 

2N426 

-18 

40 

24 

0.55 

CK27 

2N427 

-15 

11 

55 

30 

0.44 

CK28 

2N428 

-12 

17 

80 

40 

0.33 

’lie  —  so  ma;Ia|  =  5  ma;  Rl  =  200  Q;  !■,  =  S  ma;  Grounded  Emitter  Circuit 


SUBMIN 

Type 

JETEC-30 

Electrical 

Equivalent 

VcE 

max. 

volts 

Beta 

ave. 

small  signal 

Power  Gain 
Class  A 
ave. 
db 

Ico 

ave. 

Ma 

Noise  Factor 

ave. 

db 

CIC22 

2N422 

-20 

90 

40 

6 

6  max. 

CK«4 

2N464 

-40 

22 

40 

6 

12 

CK«S 

2N465 

-30 

45 

42 

6 

12 

CK6« 

2N466 

-20 

90 

44 

6 

12 

CK67 

2N467 

-15 

180 

45 

6 

12 

SUBMIN 

JETEC-30 

VcE 

tab 

Beta 

Cgb 

lb' 

Type 

Electrical 

Equivalent 

max. 

volts 

ave. 

Me 

ave. 

ave. 

ave. 

ohms 

CK13 

2N413 

-18 

2.5 

25 

12 

70 

CK14 

2N414 

-15 

6 

40 

12 

80 

CK16 

2N416 

-12 

10 

60 

12 

90 

CKi7 

2N417 

-10 

20 

80 

12 

100 

Oisaipation  Coefficients  for  all  submin  types;  in  air,  O^S’C/mW;  infinite  sink,  0.3S‘C/mW 


SEMICONDUCTOR  DIVISION 

SRkon  emd  Garmanlum  DiedM  and  Tramblort  •  SiRcon  RocKflart 


Nawtan«  Mass.s . 55  Chapel  St.,  Bigelow  4-7500 

Naw  . . 589  Fiflli  Ave.,  Plaza  9-3900 

Chicagat  9501  Grand  Ave.,  Franklin  Park,  NAtional  5-6130 
I  Anfolati  5236  Santa  Monica  Bhrd.,  NOrmandy  5-4221 

VISIT  RAYTHEON  BOOTHS  2611-12-13-14,  I.R.E.  SHOW,  N.Y.C. 
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BUSINESS  BRIEFS 

ELECTRONICS  NEWSLETTER 

SUPPLEMENTARY  DEFENSE  APPROPRIA¬ 
TION  to  be  requested  by  the  Pentagon  for 
the  1959  fiscal  year  may  add  up  to  more  than 
$2  billion.  Assistants  working  on  the  new  re¬ 
quest  say  it  may  go  higher  than  the  $1.3  to 
$1.7  billion  range  estimated  recently  by  Sec¬ 
retary^  McElroy  before  the  Senate  preparedness 
subcommittee.  McElroy  indicated  the  total 
military'  appropriation  would  amount  to  at  least 
$40.9  billion,  and  possibly  to  $41.4  billion. 

Generally,  the  additional  money  will  go  for 
ballistic  missiles  like  the  Polaris,  space  projects 
and  continuation  of  B-52  production  into  1960. 

ELECTRON  BEAM  FURNACE  for  a  new  melt¬ 
ing  and  metal  casting  process  has  been  proved 
on  a  pilot  scale  by  Stauffer  Chemical  Co., 
Mallory-Sharon  Metals  Corp.  and  Temescal 
Metallurgical  Corp.,  the  firms  that  de\el- 
oped  it  (Electronics,  Jan.  10,  p  22).  Bom¬ 
bardment  by  electrons  in  a  high  \acuum  melts 
chemically  active  materials  with  high  melting 
points.  A  dozen  special  metals  have  already 
been  melted,  purified  and  cast  in  water-cooled 
crucibles  without  contamination. 

Economics  of  electron  bombardment  melt¬ 
ing  look  favorable  at  present,  says  Stauffer,  be¬ 
cause  high  voltage  d-c  electrons  are  relatively 
cheap,  power  efficiencies  high.  Purifieation  of 


Columbian  requires  about  3-4  kwh  per  pound, 
tantalum  about  6-8  kwh  per  pound.  This  com¬ 
pares  with  500  kwh  pier  pound  used  in  the  solid 
state  sintering  of  tantalum. 

ELECTRICIANS’  UNION  PUSHES  ELEC¬ 
TRONICS  TRAINING  for  members.  Cali 
fornia  State  Association  of  Electrical  Workers 
recommends  that  apprenticeship  of  an  electri¬ 
cian  be  extended  from  four  to  five  years  to  train 
him  in  installation  of  electronic  equipment. 
Union  says  electronics  work  has  jumped  20 
jjercent  in  the  last  three  years,  and  more  is 
expected  in  both  commercial  and  residential 
construction.  A  check  of  one  New  York  City 
local  re\’eals  that  a  “preliminary  program  to 
get  members  interested  in  electronics”  has  been 
underway  for  four  months,  and  that  optional 
evening  sessions  are  so  popular  the  program 
may  be  expanded. 

NEM  USAF  SOLID  FUEL  BALLISTIC  MIS¬ 
SILE  of  500-5,500  mi  range  has  been  approved 
for  dexelopment  in  4-5  years  by  Guided  Mis¬ 
siles  Director  Iloladay."  Missile  is  part  of 
Minute  Man  project  which  envisages  under¬ 
ground  launching  facilities.  Improved  ICBM 
nose  cone  may  mean  on-target  delivery  of  large 
warheads  will  be  possible  at  faster  than  present 
planning  of  10-15,000  mph. 


fEBRUARy 


Electronics  production  index 


RECEIVER  PRODUCTION 
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FIGURES  OF  THE  WEEK 

RECEIVER  PRODUCTION 


(Source;  EIA)  Feb.  21,  '58  Feb.  14,  '58  Feb.  22,  '57 

Television  sets,  total  .  86,903  98,841  117,891 

Radio  sets,  total  .  192,460  211,545  344,507 

Auto  sets .  70,792  68,874  131,108 

STOCK  PRICE  AVERAGES 

(Source:  Standard  &  Poor's)  Feb.  26,  '58  Feb.  19,  '58  Feb.  27,  '57 

Radio-tv  &  electronics  .  45.34  46.49  46.25 

Radio  broadcasters .  55.37  57.40  62.05 


FIGURES  OF  THE  YEAR  mtals  for  year 


1957 

1956 

Percent  Change 

Receiving  tube  sales . 

.  456,424,000 

464,186,000 

-  1.7 

Transistor  production . 

.  28,738,000 

12,840,000 

-f  123.8 

Cathode-ray  tube  sales  . . . 

9,721,008 

10,987,021 

-  11.5 

Television  set  production  . . 

6,399,345 

7,387,029 

-  13.4 

Radio  set  production . 

.  15,427,738 

13,981,800 

+  10.3 

TV  set  sales . 

6,560,220 

6,804,756 

-  3.6 

Radio  set  sales 
(excl.  auto)  . 

..  9,721,285 

8,332,077 

•f  16.7 

LATEST  FIGURES  NEXT  PAGE 
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In  New  York’s  Coliseum  20,000  items  will  be  exhibited  four  days  for  electronics 
industry  members  as  .  .  . 


IRE  Show  Probes  Future 

More  than  50,000  engineers  due  at  New  York 
City  convention  week  from  Monday.  Three  new 
sessions,  industry  optimism  among  highlights 


A  LOOK  INTO  THE  FUTURE,  three 
new  sessions,  and  electronics  indus¬ 
try  optimism  despite  recession  talk 
will  be  highlights  of  the  1958  IRE 
National  Convention  and  Radio 
Engineering  Show  starting  a  week 
from  Monday  in  New’  York  Cit\-. 

Among  the  forward  looking  ses¬ 
sions  will  be  those  on  thermo¬ 
nuclear  power,  electronics  in  space, 
automation  systems  and  the  impact 
of  electronics  on  industry’. 

The  world’s  greatest  assembly  of 
technical  ideas  and  products  un¬ 
folds  March  24-27  in  the  Coliseum. 
Three  sessions  will  be  held  for  the 
first  time.  They  will  be  on  radio 
frequency  interference,  education, 
and  engineering  writing  and  speech, 
reflecting  recent  establishment  of 
IRE  groups  in  these  fields. 

Overall  attendance  is  expected  to 
be  a  few  thousand  over  last  year’s 
record  attendance.  Some  850  firms 
will  exhibit  20,000  items  worth 
about  $12  million.  Exhibitors  w’ill 


represent  about  80  percent  of  the 
electronics  industry’s  total  produc¬ 
tion  capacity. 

Electronics  checked  and  found 
some  exhibitors  were  running  right 
to  the  wire  on  prototype  produc¬ 
tion  and  testing  of  new  products. 
Others  were  aw’aiting  permission  to 
show  prestige-building  military 
gear. 

Erom  coast  to  coast  electronic 
engineers  and  salespeople  are  now 
entering  two  of  the  year’s  busiest 
weeks. 

Component,  materials,  subsys¬ 
tem  and  production  equipment 
firms  are  turning  out  cn  masse  for 
the  show',  but  there  will  be  fewer 
big  systems  shown  this  year.  The 
emphasis  is  on  products  that  can 
be  sold  in  the  trade. 

Exhibitors  report  their  commer¬ 
cial  business  has  been  picking  up 
nicely,  the  heat  generated  by  the 
Sputniks  has  warmed  up  military 
business. 


The  theme  of  the  show — “That 
New  Idea’’ — is  being  carried  over 
from  last  year.  ITie  show  manage¬ 
ment  feels  that  it  will  be  more 
effective  as  a  promotion  idea  in 
its  second  year.  New  products  will 
be  identified  by  a  show  sticker  and 
booth  staffs  will  be  wearing  “New 
Idea’’  buttons. 

The  Radio  Engineering  Show 
will  again  occupy  all  four  floors  of 
the  Coliseum:  systems  on  the  first 
floor;  components,  second  and 
third  floors;  instruments,  third 
floor;  and  production  gear,  fourth. 

The  technical  program,  275 
papers  in  55  sessions  at  the  Coli¬ 
seum  and  Waldorf-Astoria,  is  the 
same  length  as  last  year.  That’s 
just  about  all  that  can  be  squeezed 
into  four  days.  (See  complete  pro¬ 
gram,  exhibitor  list  and  booth  num¬ 
bers  on  p  270). 

Presentations  were  organized  by 
representatives  of  the  IRE’s  27  pro¬ 
fessional  groups.  Emphasis  is  still 
on  theory,  circuits,  systems  and 
parts  needed  to  build  markets  now 
developing. 

In  addition  to  brisk  trading  on 
the  floor,  manufacturers  hope  to 
influence  engineers  who  w’ill  make 
buying  decisions  back  home. 

Von  Braun  Says 
'5  More  Firings' 

The  Army  Ballistic  Missile  Agency 
has  been  given  the  green  light  and 
“financial  support  for  five  firings 
involving  satellites  or  other  space 
projects,’’  says  Wernher  von  Braun, 
.Army’s  chief  of  development  op¬ 
erations  for  missiles. 

Von  Braun  would  not  reveal  how 
much  money  was  approved  for  the 
projects,  nor  would  he  give  a  date 
for  the  next  satellite  launching  try. 

He  said  the  next  satellite  under 


LATEST  MONTHLY  FIGURES 
EMPLOYMENT  AND  PAYROLLS 


(Source:  Bur.  Labor  SUtistics) 

Dec.  '57 

Nov.  '57 

Dec.  '56 

Prod,  worters,  comm,  equip. 

380,400 

398,000 

407,800 

Av.  wkly.  earnings,  comm. 

$78.40 

$77.22 

$79.15 

Av.  vridy.  earnings,  radio 

$76.64 

$75.08 

$75.95 

Av.  vdcly.  .hours,  comm.  , , 

39.2 

39.0 

40.8 

Av.  wkly.  hours,  radio  ... 

39.1 

38.9 

40.4 

TRANSISTOR  AND  TUBE  SALES 


(Source;  EIA)  Dec.  '57  Nov.  '57'  Dec.  '56 

Unit  sales  .  2,773,000  3,578,700  1,608,000 

Value  .  $6,619,000  $6,989,000  $4,691,000 

Receivino  tubes,  units .  27,736,0<X)  39,950,000  34,340,000 

Receivino  tubes,  value . $24,881,000  $33,166,000  $29,111,000 

Picture  tubes,  units .  644,026  772,801  795,476 


Picture  tubes,  value . $12,971,487  $15,138,438  $13,423,157 
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power  supply  users  benefit  from 
outstanding  record  of  field  performance 

LAMBDA  GUARANTEES 
POWER  SUPPLIES 
FOR  FIVE  YEARS 


DEPENDABILITY  IS  VITAL 


Lambda  power  sup¬ 
plies  are  components 
of  IBM’s  SAGE  com¬ 
puter,  the  world’s 
largest  electronic 
digital  computer. 


Lambda  Com-Pak 
supplies,  with 
front  panel  modi¬ 
fications,  used  by 
-Western  Electric 
to  power  United 
States  continental 
air  defense  sys¬ 
tem  tests. 


Standard  Lambda 
power  supplies  speci¬ 
fied  by  Stromberg- 
Carlson  for  multi¬ 
million  dollar  Air 
Force  Digital  Com¬ 
puter  Intervention 
and  Display  System. 


Retroactive  to  all  Lambda  Power 
Supplies  purchased  since  1953 

Now  Lambda  gives  you  the  strongest  proof  of  con¬ 
sistent  trouble-free  power  supply  performance  ever 
offered. 

The  unprecedented  five-year  guarantee  is  based  on  the 
excellent  experience  owners  of  Lambda  power  supplies 
have  had  with  their  equipment  under  the  most  gruel¬ 
ing,  heavy-duty  service. 

You  are  covered  not  only  on  new  Lambda  supplies, 
but  also  on  all  Lambda  equipment  you  have  purchased 
since  1953. 

See  new  Lambda  Transistorized  Power  Supplies 
at  I.R.E.  Show 

They  will  be  on  display  in  Booths  2436  and  2438. 
You’ll  also  want  a  close-up  view  of  Lambda’s  Com-Pak 
series,  for  all  needs  up  to  1.5  amperes.  The  Com-Pak 
models  are  real  space  savers.  They  need  only  5%  "  to 
SVa"  of  front  panel  height,  depending  on  the  model 

Send  for  latest  catalog 

Your  request,  on  your  company  letterhead,  brings  you 
complete  data  on  all  Lambda  power  supplies  —  rack, 
bench  and  portable. 


in 


Electiroixics  Coirp* 

11-11  131  STREET  .  COLLEGE  POINT  56.  NEW  YORK 
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SUPERMENDUR  tape  wound  cores 

•  •  •  A  Real  Breakthrough  in  Miniaturization 


The  successful  development  of  tape  wound  cores  of 
Supermendur  represents  a  giant  step  in  the  field  of  circuit 
miniaturization  and  simplification.  The  unique  characteris¬ 
tics  of  this  new  rectangular-loop  core  material  in  the  range 
of  induction  from  16  to  22  kilogausses  permit  significant 
weight  and  size  reduction  of  toroidal  transformers  and 
magnetic  amplifiers. 

Supermendur,  an  oriented  cobalt-iron-vanadium  alloy, 
combines  the  high  saturation  flux  density  of  the  cobalt-iron 
alloys  with  the  desired  hysteresis  loop  rectangularity  of  the 
oriented  50%  nickel-irons. 

Coercive  forces  substantially  lower  than  those  of  previ¬ 
ously  available  cobalt-iron  alloys  are  obtained.  The  lower 
core  losses  and  excitation  properties  of  Supermendur  show 
a  decided  improvement  in  high  density  characteristics  com¬ 
pared  with  oriented  silicon  steel,  as  illustrated  by  the  curves 


partially  shown  above.  Complete  curves  are  available  in  a 
new  Supermendur  Bulletin  TC-113,  available  on  request. 

Specific  advantages  of  Supermendur  cores  in  toroidal  trans¬ 
formers  are;  high  operating  induction,  low  core  loss,  low 
exciting  current  and  high  permeability  at  high  induction. 
In  magnetic  amplifiers  or  saturable  reactors,  they  include: 
rectangular  hysteresis  loop,  high  saturation  induction  and 
moderate  excitation  at  high  induction.  Advantages  in  all 
uses  are:  thin  tape,  small  size  and  low  weight. 

Supermendur  is  an  ideal  material  for  high  temperature 
core  components,  because  of  its  high  Curie  temperature. 

•  Supermendur  is  manufactured  by  Arnold  under  license 
arrangement  with  the  Western  Electric  Company.  We’ll  be 
glad  to  send  you  additional  information  or  furnish  you 
engineering  assistance  on  any  of  your  tape  core  applications 
if  you’ll  just  drop  us  a  line. 


Visit  us  at  the 

IRE  SHOW 

NEW  YORK 
March  24  through  27 

BOOTH  2201-220S 


Xhe  Arnold  Fngineering  Company 

Main  Office  &  Plant:  Marengo,  Illinois 

P«Mlfic  MvMmi  Ptanti  Ml  E«Mt  61*t  SfrMt,  U*  Anflclat,  CaNf. 

-rfCThlr  Distrkf  Sales  Offices: 

Bojhm.-  49  Wahham'St.,  Lexington  loi  Angmhs:  3450  Wihhire  Bivd. 

New /or*.-  350  F!Mi  Ave.  Washkigfon,  D,C.:  1001-15fh  N.W. 
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DU  MONT  403 


compkte  details  on  request.,. 


OUMONT 


INSTRUMENT  DIVISION 
vNIm  B.  Dm  Mut  Labtratiries,  lac^  CUftai,  N.  U.S.A. 


The  Du  Mont  403  is  the  most  sensitive  oscilloscope  commercially 
available.  This  outstanding  sensitivity  permits  direct  measurements 
from  low  output  transducers  such  as  strain  gages,  pressure  pickups, 
accelerometers,  heart  monitoring  equipment,  and  others  that  nor¬ 
mally  require  pre-amplification. 

The  403,  when  used  as  a  direct-reading  voltmeter,  offers  full  scale 
amplitude  measurements  from  1  niillivolt  to  500  volts,  continuously 
variable  in  17  steps.  At  maximum  sensitivity,  the  403  allows  resolu¬ 
tion  of  signals  in  the  region  of  20  microvolts. 

Stability,  commensurate  with  this  outstanding  sensitivity,  is  an¬ 
other  feature  of  the  403. 

The  403  is  another  in  the  Du  Mont  400  Series  Instruments.  It  is 
designed  for  fast,  easy,  and  accurate  measurements,  along  with 
complete  accessibility  and  reliability. 


FEATURING 


AMPLIFIERS:  Direct  coupled  amplifiers. 

Single-ended  or  balanced  Y-input. 

EXTREME  SENSITIVITY:  1  millivolt  to  500 
volts  full  scale,  continuously  variable. 

FREQUENCY  RANGE:  DC  to  300  KC. 

Y  AMPLIFIER  CALIBRATION:  5%. 

SWEEPS:  19  calibrated  linear  sweeps,  0.5' 
sec/cm  to  0.5/isec/cm.  Calibrating  accuracy, 

EXPANDED  SWEEP:  Any  1 0  cm  portion  of  A  A  f 

50  cm  sweep  may  be  expanded  4  times  and  M  UOU  W 
positioned  on  screen. 

v.o.n.auioo,H.j, 

B*  sure  to  visit  Du  Mont  at  the  IRE  Show  in  Now  York. 

Booths  3201,  3202,  3203,  3301,  3303,  3305. 
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his  control  will  be  in  the  same  bul¬ 
let  shape  as  Explorer  I. 

Von  Braun  said  the  program 
“does  not  imply  we’ll  hit  the 
moon.” 

The  next  satellite,  he  said,  will 
utilize  a  built-in  miniaturized  tajje 
recorder  and  receiver  with  a  “little 
electro-motor  to  wind  up  the  spring 
for  the  tape. 

“A  signal  from  the  ground  will 
trigger  the  recorder  when  it  is 
passing  over  our  western  hemis¬ 
phere,  and  give  us  the  recorded 
data  gathered  by  instruments  on 
the  other  side  of  the  world,”  Von 
Braun  said. 

Space  Age  Needs 
Manned  Aircraft 

Washington — Producers  of  elec¬ 
tronic  equipment  for  manned  air¬ 
craft  will  share,  along  with  makers 
of  missiles,  in  the  stepped  up  U.  S. 
spending  for  militar\'  hardware. 

This  was  the  belief  of  those  at¬ 
tending  the  recent  Air  Force  Asso- 
eiation’s  Jet  Age  Conference  here. 

By  far  the  most  predominant 
single  issue  brought  out  was  the 
continuing  need  for  manned  bomb¬ 
ers,  regardless  of  progress  in  ballis¬ 
tic  missiles. 

This  recurring  theme  was  stressed 
by  all  Air  Foree  speakers.  Lt.  Gen. 
Francis  H.  Griswold,  Vice  Com- 
mander-ift-Chief,  Strategic  Air 
Command:  “For  the  foreseeable 
future,  missiles  will  supplement  and 
complement  rather  than  replace  the 
manned  bomber.” 

Maj.  Gen.  James  Ferguson,  Di¬ 
rector  of  Requirements,  Deputy 
Chief  of  Staff,  USAF’  said:  “Since 
there  are  signs  that  significant  ele¬ 
ments  in  the  country  would  stam¬ 
pede  us  into  outer  space,  leaving 
little  else  behind,  1  am  happy  to 
help  put  into  proper  perspective 
the  eontinuing  operational  need  for 
manned  aircraft.” 

Ferguson  added:  “The  attribute 
of  wide  discretion  is  one  we  cannot 
build  into  a  machine.  It  becomes 
apparent,  then,  that  we  must  pre¬ 
serve  and  refine  our  manned  sys¬ 
tems,  if  for  no  other  reason,  for  this 
discretionary  capability  alone.  With 
all  their  capability  the  destructive 
power  of  the  missile  is  not  equal 
to  that  of  the  manned  bomber.” 


WASHINGTON  OUTLOOK 

Navy’s  super  secret  project  ASROC,  antisubmarine  rocket,  reportedly 
is  a  large-scale  version  of  its  recently  announced  antisubmarine  weapon 
RAT,  a  rocket-thrown  weapons  system.  Minneapiolis-Honeywell  is  the 
prime  contractor,  with  Librascopie  handling  the  electronics  end  of  the 
project. 

Basically,  the  system  searches  out  submarines,  then  launches  rockets 
for  undersea  kills.  It  is  said  to  use  electronic  digital  fire-control  com¬ 
puters  for  the  first  time  on  surface  ships. 

Navy  has  touted  its  RAT  project  as  the  hottest  thing  yet  in  anti¬ 
submarine  warfare.  Presumably  this  is  a  small  scale  test  of  the  coming 
ASROC  project.  Minneapolis-Honeywell  doesn’t  admit  the  project 
exists,  but  it  is  known  that  the  project  is  being  handled  from  a  West 
Coast  plant.  Librascope’s  subcontract  amounts  to  $  17-million. 

•  A  new  entry  in  the  sweepstakes  to  develop  new  missiles  is  the 
Air  Force’s  Minute  Man,  a  solid  propellant  ICBM.  The  Pen¬ 
tagon  has  authorized  the  Air  Force  to  push  ahead  on  research 
and  development.  None  of  the  project  contractors  has  been 
officially  revealed.  But  it’s  believed  that  Aerojet-General,  'Thoikol, 
Phillips  Petroleum  and  Grand  Central  Rocket  are  competing  for 
a  production  contract  on  the  missile’s  engine. 

Presumably,  the  propulsion  subsystem  is  being  pushed  the  most 
right  now,  with  the  belief  that  advanced  models  of  the  GE- 
Burroughs  guidance  system  for  the  liquid-propellant  Atlas  ICBM 
or  the  Arma-Bell  Lbs  system  for  the  liquid-propellant  Titan  ICBM 
could  be  incorporated  at  a  later  date  in  Minute  Man. 

•  The  trend  toward  stronger  military'  unification— and  more  cen¬ 
tralized  Pentagon  control  over  weapon  development  and  produc¬ 
tion— could  be  sidetracked  by  a  bill  introduced  by  Rep.  Carl 
Vinson  (D.,  Ga.),  the  powerM  chairman  of  the  House  Armed 
Services  Committee  and  Rep.  Leslie  C.  Arends  (R.,  Ill.),  the 
committee’s  ranking  Republican  and  House  whip  for  his  party. 

The  bill  would  cut  the  Secy,  of  Defense’s  office^  from  2,400 
persons  to  600,  eliminate  14  of  the  Pentagon’s  roster  of  29  under 
secretaries  and  assistant  secretaries,  substantially  restrict  the 
authority  of  the  Defense  Comptroller  and  elevate  the  civilian 
secretaries  to  membership  in  the  National  Security  Council. 

In  effect,  the  bill  seriously  reduces  the  Defense  Secy.’s  central 
powers,  creates  greater  authority  for  the  individual  services.  This 
is  in  direct  conflict  with  the  proposals,  now  being  considered  by 
the  administration,  to  reorganize  -the  Defense  Dept,  with  stress 
on  unifying  military  organization  and  policy. 

Some  Pentagon  sources  consider  the  Vinson-Arends  bill  an 
eflfort  to  temper  the  Administration  reorganization  plans  now 
being  worked  up  for  Congressional  consideration.  Both  Vinson 
and  Arends  are  conservatives  on  the  organization  issue,  strongly 
oppose  the  creation  of  a  single  chief  of  staff,  greater  authorities 
for  Defense  Secy.,  and  all  other  trends  toward  greater  unification. 

#  Government  officials  say  reliability  of  electronic  parts  in  rockets 
and  missiles  has  reached  the  stage  where  the  prime  missile  makers 
themselves— Convair  for  one— are  pumping  as  much  as  75  percent 
of  their  development  funds  into  searching  for  better  electronic 
materials  and  components. 
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DIFFERENTIAL  FLOATING  INPUT 


New!  KIN  TEL’s  true  differential  DC  amplifier... 


completely  isolates  input  from  output! 


AMPLIFY  MICROVOLT-LEVEL  DATA  SIGNALS 

New  transistorized  differential  DC  amplifiers  provide  ex¬ 
tremely  high  common-mode  rejection,  very  low  drift,  high 
output  capability,  and  excellent  stability  and  linearity... 
all  unaffected  by  load  or  gain  changes.  Ideal  for  thermo¬ 
couple  amplification,  they  eliminate  ground  loop  problems ; 
allow  the  use  of  a  common  transducer  power  supply;  per¬ 
mit  longer  cable  runs;  drive  grounded, ungrounded  or  bal¬ 
anced  loads,  and  can  be  used  inverting  or  non-inverting. 
The  114A  is  the  perfect  instrumentation  amplifier. 


BRIEF  SPECIFICATIONS  -  114A  DIFFERENTIAL  DC  AMPLIFIER 
■  120  db  common-mode  rejection  from  DC  to  60  cps. 

■  Gain  of  10  to  1000  in  5  steps,  continuous  variation  between  steps. 

■  Gain  accuracy  1.0%  DC  10  cps,  3%  to  30  cps, 

3  db  down  at  120  cps. 

■  DC  gain  stability  and  linearity  0.1%. 

■  <5  /tv  noise;  <5  /tv  drift  at  gain  of  100  or  above. 

■  Maximum  output  capability  lOV  at  10  MA. 

■  100  K  ohm  input.  <1  ohm  output  Z  (min.  load 

res.  20  ohms,  max.  load  cap.  1.0  /tf). 


Six  KIN  TEL  amplifiers  in  compact  19*  rack  mountable  module. 


STANDARD  WIDEBAND  DC  AMPUFiERS  Can  be  used  single- 
ended  or  for  floating  input  applications.  An  operational 
version  permits  the  user  to  employ  his  own  feedback  net¬ 
works  to  limit  bandwidth,  generate  transfer  functions, 
obtain  specific  gains  and  perform  integrations.  Specifica¬ 
tions  for  the  111  series.  Wideband  DC  Amplifiers  include: 
<2  fiv  drift;  <5  /av  noise.  ±35  V,  ±40  MA  output.  100  K 
ohm  input,  1  ohm  output  Z;  1.0  /if  allowable  output  cable 
capacity.  0  to  1000  gain  in  ten  steps,  with  continuous 
1  to  2  times  variation  of  each  step.  Gain  accuracy  (freq. 
response)  ±1.0%  DC  to  2  KC,  <3  db  down  at  40  KC. 
ALL  KIN  TEL  DC  AMPUFIERS  feature  integral  power  sup¬ 
plies,  convenient  plug-in  mounting  and  kin  tel’s  proven 
chopper  feedback  amplifier  circuitry  for  unsurpassed 
stability,  accuracy  and  reliability.  They  have  accumu¬ 
lated  over  500  years  of  operating  time,  and  in  one  instal¬ 
lation  alone  have  logged  over  a  million  hours  of  trouble- 
free  operation.  Records  like  this  are  the  result  of  strin¬ 
gent  quality  controls,  thorough  testing  and  calibration, 
and  years  of  experience  in  the  design  and  manufacture 
of  thousands  of  chopper  stabilized  DC  amplifiers. 

FOR  GREATER  ACCURACY,  SIMPLICITY,  RELIABILITY,  and  the 

elimination  of  carrier  system  balance  problems,  replace 
complex  carrier  systems  with  a  kin  tel  packaged  “plug¬ 
in”  DC  instrumentation  system  —  complete  from  input 
transducer  to  output  device. 

Over  10,000  KIN  TEL  instruments  in  use  today! 


Representatives  in  all  major  cities. 
Write  today  for  demonstration  or  literature. 
5725  Kearny  Villa  Road,  San  Diego  11, 
California,  Phone:  BRowning  7-6700. 

IRK  SHOW  BOOTHS  3401>3-8 


KIN  TEL 


A  Dhifion  of  Coliu  Eloctronict  Inc. 
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MILITARY  ELECTRONICS 


•  Projects  USAF  and/or  the  De- 
1  partment  of  Defense  are  studying 
I  include:  sending  a  3,000-lb  recon¬ 
naissance  satellite  into  orbit  via  an 
ICBM  Atlas;  accelerating  R&D 

j  work  on  ICBM  Titan;  developing 
j  a  solid-fueled  ICBM  not  as  “awk- 
I  ward”  as  liquid-fueled  Atlas  and 
I  Titan;  extending  production  of  the 
I  B-52;  and  reexamining  Armv’s 
IRBM  Jupiter  in  comparison  with 
USAF’s  Thor. 

•  Airborne  Bendix-Decca  pictorial 

^  navigation  equipment  for  helicop-- 
ters  is  being  esaluated  in  the  New 
;  York  area  by  the  Airways  Modern¬ 
ization  Board.  Objeetive:  to  what 
I  extent  will  a  hy|5erbolic  system 
expedite  helicopter  of>crations  in  a 
!  high-densitv  terminal  area? 

Pour  organizations  are  associated 
in  the  program:  Pacific  div.  of 
j  Bendix  will  furnish,  install  and 
maintain  the  equipment;  Bell  Heli¬ 
copter  will  modifv  a  helicopter,  in¬ 
stalling  advanced  types  of  instru¬ 
mentation  developed  by  Bell  and 
Bendix;  New  York  Airways  will 
fly  the  units;  and  Airborne  Instru¬ 
ments  Labs  will  provide  engineer¬ 
ing  aid  to  AMB  during  the  pro¬ 
gram,  and  will  measure  the  tech¬ 
nical  performance  of  the  system. 

•  Airways  Modernization  Board 
has  awarded  a  54,272,484  contract 


to  General  Precision  Labs  for  de¬ 
sign,  deselopmcnt  and  fabrication 
of  enroute  portion  of  AMB  experi¬ 
mental  semiautomatic  traffic  con¬ 
trol  data  processing  system  for  ci\  il 
and  military  air  traffic  control. 

The  ANIB  also  started  negotia¬ 
tions  with  GPL  for  the  develop¬ 
ment  of  the  high-densih-  terminal 
portion  of  the  automatic  data  proc¬ 
essing  and  display  element. 

•  Gombination  data  processing 
and  closed  circuit  t\'  to  be  used  for 
testing  Navy’s  IRBM  Polaris  was 
dcvelojjed  bv  Siegler’s  Hallamore 
Electronics  div  .  under  a  51 -million 
R&D  contract  with  the  Naval  Orn- 
nance  Test  Station,  Pasadena.  ' 
The  system’s  data  reduction  equip-  i 
ment  contains  electronic  devices  j 
for  calibrating  all  equipment  prior 
to  testing  or  firing  the  missile. 

•  Range  and  accuracy’  of  infrared 
homing  missiles  will  be  increased 
due  to  the  development  of  a  hvpcr- 
purc  monocrystalline  silicon  disk 
lens  with  a  4-in.  plus  diameter,  ac¬ 
cording  to  developer  Friedrich 
Schwarz.  U.  S.  Semiconductor 
Products,  Inc.,  located  in  Phoenix, 
Ariz. 

Schwarz  declares  that  the  new 
lens  makes  it  possible  to  detect  and 
home  in  on  an  enemy  missile  from 
1,000  mi. 


and  probably  more  than  we  envi¬ 
sion  now,  man  will  fly  the  equip¬ 
ment.  Man’s  judgment  and  skills 
will  always  be  needed  to  achieve 
the  greatest  effectiveness.” 

George  E.  Valley.  Jr.,  USAF’s 
Chief  Scientist;  “Missiles  arc  in¬ 
deed  new  weapons,  but  thev  are 
additions  to  our  armament;  their 
properties  are  complementary  to 
those  of  the  manned  aircraft.” 

Gen.  C.  S.  Irvine,  Deputy-  Chief 
of  Staff,  Materiel:  “Missiles  and 
manned  aircraft  are  getting  more 
alike  as  to  design.  But  missiles  arc 
going  through  a  trial  period.  W’hcn 
judgment  is  required  and  when  the 
reliability'  is  assured,  then  man  will 
be  put  into  missiles.” 

Previouslv,  Electronics  (Feb. 
7.  p  13)  quoted  Major  .\lcxandcr 
dc  Sev'crsky’s  statement  before  the 
Senate  Preparedness  Subcommit¬ 
tee:  “For  any  predictable  time,  the 
hypersonic,  manned  vehicle  will  be 
the  decisive  weapon  in  any  future 
war.  In  general,  robots  are  too  logi¬ 
cal.  Their  reaction  is  predictable; 
they  are  easier  to  intercept.” 

Tv  Multiplex 
Shows  Progress 

Present  status  of  development  in 
a  tv  multiplex  system  was  recently 
demonstrated  in  New'ark,  N.  J.. 
to  leaders  in  government  and  indus¬ 
try-.  Originally  announced  last  fall 
(Electronics,  Oct.  10.  ’37).  sys¬ 
tem  which  then  was  in  drawing- 
board  stage  has  since  developed 
into  the  form  of  experimental 
hardware. 

Developers  of  the  Bi-Tran  sys¬ 
tem  assert  that  more  refinement  is 
necessary’  before  it  can  be  offered 
to  the  industry  as  a  commercial 
possibility. 

One  problem  is  to  get  perfect 
phase  cancellation  between  the  two 
video  signals.  At  present  there  is 
interlineation  and  video  crosstalk 
in  both  channel  A  and  B  reproduc¬ 
tion. 

In  addition  to  possibility  of  using 
B  channel  for  subscription  tv,  pro¬ 
moters  also  envision  uses  of  existing 
networks  and  stations  for  hitchhike 
by  military',  educational,  medical, 
civil  defense  and  other  emergency 
services. 


New  Weapon 

MB-l  Genie,  air-to-air  rocket,  is 
shown,  in  front  of  its  launcher, 
the  McDonnell  F-IOIB  Voodoo. 
Hughes’  electronic  fire  control  sys¬ 
tem  locates  target  and  fires  arma¬ 
ment.  Genie,  built  by  Douglas,  is 
part  of  GONAD’s  arsenal 


Space  Challenge 
To  Electronics 

CHICAGO — The  problem  of 
“instrument  display  and  controls 
in  a  space  ship  offers  considerable 
challenges  to  the  present  state  of 
the  electronic  art,”  says  Brig.  Gen. 
Don  Flickinger,  director  of  Human 
Factors  and  surgeon  at  the  Balti¬ 
more  Headquarters  of  the  U.  S. 
Air  Research  and  Development 
Command. 

The  pilot  and  medical  scientist 
told  Electronics  that  “in  the  next 
four  to  five  years  I  can  sec  the  pos¬ 
sibility  of  putting  in  space  a  man 
who  is  contributing  something  to 
the  instrumentation  system,  and 
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SEE  THE  TUBES  WITH  DISPLAYS  THAT  STAY!  All  Hughes  direct-display  cathode-ray  tubes  have  the  ability  to  store  information 
for  extended  periods  of  time. 


'  ’■ 
JSs-  r- ' 


the  MEMOTRON® 

tube  will  display  SUCCESSIVE 
TRANSIENT  WRITINGS  until 
intentionally  erased. 


theTONOTRON* 

tube  presents  a  complete  spec¬ 
trum  of  grey  shades.  The  HIGH 
LIGHT  OUTPUT  facilitates  view¬ 
ing  even  in  full  daylight 


theTYPOTRON® 

tube  is  the  only  available 
CHARACTER  WRITING  STORAGE 
TUBE  which  displays  any  com¬ 
bination  of  63  characters  or  sym¬ 
bols  until  intentionally  erased. 


maoMt.iS 


booths  2801-05 


For  a  period  of  years  these  Hughes  cathode-ray  tubes  have  been  in  commercial  and  military  operation  and  have  established  an  out¬ 
standing  record  of  reliability.  See  these  tubes  actually  perform  in  typical  applications  at  the  I.R.E.  show  in  New  York.  Or,  for  further 
technical  data  write:  Hughes  Products.  Electron  Tubes,  International  Airport  Station,  Los  Angeles  45,  California. 


Creating  a  new  world  with  ELECTRONICS 


HUGHES  PRODUCTS 


O  mss.  HUOHES  AinCWAFT  COMPANY 


*Tt*d«m«rk  of  Hughe*  Aircraft  Co. 
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reco\ering  him  after  a  five  dav 
period.” 

Gen.  Flickinger  added:  “Ex¬ 
tremely  small  energy  requirements 
will  earry  out  necessary  communi¬ 
cation  functions  between  the  space 
man  and  the  ground  staff.  We  do 
not  have  a  space  communication 
system  now,  but  we  do  have  com¬ 
ponents  of  a  system  we  know  will 
work  in  a  vacuum  chamber.” 

Tire  Air  Force  scientist  said 
some  electrochemical  techniques 
of  dealing  with  gases  and  rearrang¬ 
ing  them  for  the  space  man’s  safet\- 
at  relatively  small  watt  cost  and 
energ}’  “show  promise.” 

“In  the  next  couple  of  years  we 
can  come  up  with  an  electro¬ 
chemical  process  to  extend  the 
time  base  from  fi\e  days  to  prob¬ 
ably  five  weeks  or  two  months. 

“We  are  doing  this  now  with 
special  battery  powered  units  op¬ 
erating  at  about  J  of  a  kilowatt. 
It  provides  power  for  24  hours.  The 
total  unit  for  one  man  oxvgen  dav 
weighs  75  lbs.” 

The  X-15  airplane  will  be  tried 
out  in  1959,  he  said.  “Certain  in¬ 
struments  in  the  vehicle  will  have 
to  be  displayed  in  a  manner  so  a 
man  can  quickly  make  a  decision 
and  instigate  action  on  this  judg¬ 
ment.” 


Selling  Seats 
By  Wire  Line 


Braniff  airline  hostess  queries  equip¬ 
ment  about  seat  availability  on  her 
flights  by  using  key-set  machine 


Recently,  Braniff  International 
Airways  unveiled  its  new  electronic 
reser\ation  system  in  Dallas,  Texas. 

The  equipment,  constructed  by 
Teleregister,  uses  teleprinter  equip¬ 
ment.  Teleprinters  feed  reser\'ation 


FINANCIAL  ROUNDUP 


•  Consolidated  Electrodynamics, 
Pasadena,  Calif.,  and  Cenco  In¬ 
struments  of  Chicago  give  up  on 
plans  to  merge  the  two  firms.  The 
proposed  merger  reportedly  bogged 
down  because  of  difficulties  of 
merging  people  of  the  two  organ¬ 
izations.  EmplosTnent  contracts  of 
key  Cenco  personnel  did  not  con¬ 
form  with  CEC  policies. 

•  Sylvania  Electric  offers  two 
long  term  debenture  issues  total¬ 
ing  $40  million,  lire  double  issue 
comprises  $20  million  of  senior 
debentures  due  in  1980  and  $20 
million  of  con\ertible  subordinated 
debentures  due  in  1983.  Receipts 
from  the  senior  issue  arc  being 
used  to  pay  off  three  year  bank 
loans  due  in  1960.  Conyertiblc  re¬ 
ceipts  are  going  for  additional 
working  capital  required  for  ex¬ 
panded  operations  and  new  defense 
projects.  Paine,  Webber,  Jackson 
&  Curtis  and  Halsey  Stuart  &  Co. 
head  the  underwriting  group. 

•  Barry  Controls,  Watertown, 
Mass.,  purchases  physical  assets  and 
products  of  Vlier  Engineering  of 
Los  Angeles.  Payment  was  in  cash 
and  fiye  year  notes,  but  amount 
was  not  disclosed.  Vlier  will  op¬ 
erate  as  a  Barry  subsidiary.  It 
makes  tooling  accessories  for  dies, 
jigs  and  fixtures  used  in  the  metal 
working  industr\'.  Barry’s  principal 
business  is  the  design  and  manu¬ 
facture  of  mounting  systems  and 
components  to  protect  electronic 
and  other  equipment  from  shock 
and  yibration.  Acquisition  giyes 
parent  company  additional  diversi¬ 


fication  outside  the  military  field,  j 

•  Digitronics  Corp.,  Albertson,  j 
Long  Island,  N.  Y.,  plans  to  issue  | 
140,000  shares  of  class  B  capital  i 
stock  at  $1.50  per  share.  Proceeds  j 
are  to  be  used  for  corporate  pur¬ 
poses.  Cortland  Investing  Corp.  of 
N.Y.C.  will  underwrite  the  issue. 

•  Ling  Electronics  of  Los  An-  ; 
geles  and  Ling  Industries  of  Dallas, 
Texas,  consummate  merger  plans 
as  stockholders  approve  proposal. 
Ling  Electronics,  the  surviving  cor-  j 
poration,  will  maintain  executive  j 
offices  in  Dallas.  Principal  prod-  | 
uct  of  Ling  Electronics  is  vibration 
testing  equipment  used  in  the  mis¬ 
sile  and  jet-aircraft  industry. 

•  Marchant  Calculators,  Oak¬ 
land,  Calif.,  reduces  quarterly  com¬ 
mon  divident  to  1 5  cents  per  share. 

It  had  previously  paid  324  cents. 
Step  was  to  conserve  cash  needed 
for  corporate  purposes  and  for  mo\c 
into  new  building. 

•  Sanders  Associates,  Nashua, 
N.  H.,  pays  semiannual  dividend 
of  4  cents  per  share  on  common 
today.  It  had  paid  quarterly  divi¬ 
dends  of  2  cents  per  share. 

•  General  Precision  Equipment 
declares  a  dividend  of  60  cents  on 
common  shares  payable  tomorrow. 
Regular  quarterly  dividends,  pay¬ 
able  at  the  same  time,  were  also  de¬ 
clared  on  $4.75  cumulative  pre¬ 
ferred  stock,  the  $1.60  convertible 
preference  stock  and  the  $3  cumu¬ 
lative  convertible  preference  stock. 


requests  and  seat  information  di¬ 
rectly  into  the  electronic  equip¬ 
ment.  Space  can  be  sold  or  can¬ 
celed  in  a  few  seconds. 

With  the  new  equipment,  res- 
er\ation  clerks  in  remote  cities 
can  now  query  a  central  electroni¬ 
cally  controlled  inventory  of  seats 
in  a  distant  city  directly  by  tele¬ 
printer.  Agents  in  140  branch 
offices  of  the  airways  are  con¬ 
nected  into  the  resersation  sys¬ 
tem  by  18,000  miles  of  land  line. 


F-M  Triplecasts 
Seen  Profitable 

Reports  of  recent  success  in  broad¬ 
casting  three  programs  simultane¬ 
ously  are  gaining  the  attention  of 
f-m  broadcasters  and  receiver  man¬ 
ufacturers  alike. 

Trial  triple  broadcasts  are  being 
made  by  WGHF  (f-m),  Brook¬ 
field,  Conn,  with  FCC  approval. 
Programming  consists  of  stereo- 
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APPROVED 
FOR  USE  UNDER 
MIL-R-10509B 


CERAMK  JACKinO 
FOR  POSITIYI 
MOISTlffiE  PROTECTION 


W«»TC  roft  BULiriN  no.  70»0 


SPRAGUE  ELECTRIC  COMPANY 

3S  MARSHALL  STREET 

NORTH  ADAMS,  MASSACHUSETTS 


h9i 
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CIRCLE  115  READERS  SERVICE  CARO 


phonic  hi-fi  music  and  commercial 
background  services. 

Financial  prospects  for  this  type 
of  operation  look  good  according  to 
WGHF'’s  owner,  A.  }.  Detzer.  He 
says  hi-fi  stereo  music  will  have 
considerable  appeal  in  his  West¬ 
chester  and  Fairfield  Count}’  areas, 
while  commercial  background  ser\- 
icing  will  find  ready  customers. 

If  FCC  approves,  the  station 
plans  to  ha\e  f-m  stereocasts  on 
regular  schedule  as  soon  as  adapters 
for  home  receivers  become  gen¬ 
erally  available. 

Several  manufacturers  are  re¬ 
portedly  interested  in  this  new 
potential  market.  Prices  for  the 
multiplex  adapters  are  expected  to 
run  somewhat  under  SI 00. 

Broadcasts  arc  made  bv  using 
the  main  channel  and  one  subchan¬ 
nel  for  hi-fi  stereocasts,  and  the 
other  channel  for  background  serv¬ 
ice.  Reports  say  no  interference 
problems  arise  from  this  multiplex¬ 
ing. 


Meteorology  Computers 

Computer  packaged  in  battlefield  console  automatically  issues  high-altitude  weather 
reports.  An  antenna  tracks  the  balloon,  other  basic  information  is  radioed  from  instru¬ 
ments  on  the  balloon.  System,  developed  by  Army  Signal  Engineering  Laboratoiics, 
provides  vital  pressure,  humidity,  temperature  and  wind  readings 
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MEETINGS  AHEAD 

Mar.  17-21:  1958  Nuclear  Congress, 
Engineers  Joint  Council,  .MCE  and 
.\tomfair,  .\tomic  Industrial  Fonim, 
International  Amphitheatre,  Chicago. 

Mar.  18-19:  Conf.  on  Extremely  High 
T  emperatures.  .\ir  Force  Cambridge 
Research  Center,  New  England  Mu¬ 
tual  Hall,  Boston,  Mass. 

Mar.  24-27:  IRE  National  Convention, 
.\11  Prof.  Groups.  M'aldorf-.\storia 
Hotel  and  N.  Y.  Coliseum,  N.  Y.  C. 

Mar.  31-Apr.  2:  Instruments  &  Regu¬ 
lators  Conf.,  PG.\C,  ASME, 
AlCHE,  ISA,  Univ.  of  Delaware, 
Newark,  Del. 

Mar.  31-Apr.  2:  Southwest  District 
Meeting  of  .MEE,  Mayo  Hotel, 
Tulsa,  Oklahoma. 

Apr.  2-4  :  Conf.  on  .\utomatic  Optimi-  • 
/ation,  PG.\C,  ASME,  AICHE, 
IS.\,  Univ.  of  Delaware,  Newark, 
Del. 

Apr,  8-10:  Sixth  National  Conf.  on 
Electromagnetic  Relays,  Oklahoma 
State  Univ.,  Stillwater,  Okla. 

Apr.  8-10:  Symposium  on  Electronic 


Waveguides,  Microwave  Research 
Institute  of  Brooklyn  Polytechnic 
Inst.,  head  at  Engineering  Societies 
Bldg.,  N.  Y.  C. 

Apr.  10-12:  Tenth  Southwestern  IRE 
Conference  and  Electronics  Show, 
St.  .\nthony  Hotel  and  Municipal 
Auditorium,  San  .\ntonio,  Texas. 

Apr.  14-16:  Conf.  on  .\utomatic  Tech¬ 
niques,  IRE,  ASME,  Statler  Hotel, 
Detroit,  Mich. 

Apr,  15:  Closing  date  for  registration. 
Intensive  course  in  .\utomatic  Con¬ 
trol  scheduled  for  June  16-25  at 
Univ.  of  Mich.,  Coll,  of  Engineer¬ 
ing. 

Apr.  17-18:  Second  Annual  Tech. 
Meeting,  Institute  of  Environmental 
Engineers,  Hotel  New  Yorker, 
N.  Y.  C. 

Apr.  18-19:  Twelfth  .\nnual  Spring 
Tech.  Conf.  on  Television  and 


Transistors,  Engineering  Society  of 
Cincinnati  Bldg.,  Cincinnati. 

Apr.  20-24:  Scientific  Apparatus  Mak¬ 
ers,  40th  Annual  Meeting,  El  Mira- 
dor  Hotel,  Palm  Springs,  California. 

Apr.  21-25:  Society  of  Motion  Picture 
and  Television  Engineers,  83rd  Con¬ 
vention,  Ambassador  Hotel,  Los  An¬ 
geles. 

Apr.  22-24:  1958  Electronic  Compo¬ 
nents  Conf.,  IRE,  AIEE,  Theme: 
“Reliable  Application  of  Compo¬ 
nent  Parts,”  .\mbassador  Hotel,  Los 
.\ngcTes. 

May  6:  Western  Joint  Computer 
Conf.,  First  National  Symposium 
on  Modern  Computer  Design,  ,\m- 
bassador  Hotel,  Los  .\ngeles. 

May  19-21:  Electronic  Parts  Distribu¬ 
tors  Show,  Conrad  Hilton  Hotel, 
Chicago. 
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PHILLIPS 

SERIES  34  &  36  SUB-MINIATURE  RELAYS 


REMOVE  AND  FILE  FOR  REFERENCE 


J 


UNIQUE  NON-RESONANT  ARMATURE  RETURN  SPRING 

In  Series  34  and  36  sub-miniatures,  the  armature  return  spring  is  enclosed  within  the  pole  piece 
and  is  adjusted  to  extremely  close  limits.  Because  of  its  novel  design,  it  is  effectively  dampened  to  pre¬ 
vent  natural  resonance.  The  movable  springs  are  of  a  “safety  pin”  type.  While  providing  adequate 
current  capacity  to  carry  the  military  requirement  of  four  times  rated  load  for  overload  test,  they 
have  very  small  mass  and  a  high  natural  resonant  frequency. 


DC-34  A  DC-Se 
ASSEMBLY  FEATURES 

The  entire  structure  of  these  suh-niiniatures  is  designed 
to  provide  long  life  with  a  high  degree  of  reliahility. 

All  units  are  hermetically-sealed.  Materials  used  in  their 
construction  are  of  high  temperature  types.  All  insula¬ 
tion  materials  are  inorganic,  assuring  non-gassing  to  min¬ 
imum  temperatures  of  400°  F. 

These  relays  will  not  malfunction  under  extremes  of 
vibration  and  shock,  meeting  military  environmental  re¬ 
quirements.  Further,  they  conform  exactly  to  military 
standards  for  dimensions  and  mountings,  thus  insuring 
interchangeability  with  contemporary  types. 

Standard  roil  and  contact  rating,  listed  on  the  reverse 
side,  are  conservative.  Additional  ratings  are  available  for 
special  requirements. 

Adequate  insulation  is  provided  to  insure  an  insulation 
resistance  of  1000  megohms  minimum  when  measured 
at  500  volts  DC  and  a  dielectric  breakdown  of  1000  volts 
rms  between  all  terminals  and  rase  and  between  adjacent 
contact  sections. 

Special  contact  materials  are  available  for  switching  in 
the  low  level  or  “dry  eircuit”  range.  Excellent  reliability 
ran  be  obtained  in  this  application. 


DC-34  A  DC-3e 
DESIGN  FEATURES 

The  motor  assembly  features  a  very  tightly  closed 
magnetic  circuit,  which  results  in  low  magnetic  leakage 
and  high  magnetic  efficiency  since  the  entire  field  is  con¬ 
centrated  in  the  useful  area.  Properly  annealed  armco  is 
used  to  provide  high  permeability  and  freedom  from 
residual  magnetism. 

A  special  roil  design,  with  minimum  amount  of  in¬ 
organic  insulating  material  and  no  impregnating  varnish, 
permits  an  unusually  high  number  of  ampere  turns  in  the 
magnetic  field. 

A  special  modified  solenoid  type  armature  is  extremely 
lightweight  —  the  entire  armature  and  actuator  assembly 
weighs  only  2.2  grams.  This  armature  is  capable  of  op¬ 
erating  the  heavy  spring  load  and  furnishes  a  favorable 
weight  to  spring  ratio  for  better  resistance  to  external 
forces. 

Movable  contact  is  a  spherical  bead  permanently  coined 
on  the  contact  spring.  Stationary  contacts  are  fabricated 
from  beryllium  copper  overlaid  with  silver.  All  contact 
assemblies  are  heavily  gold-plated  to  prevent  oxidation 
prior  to  hermetic  sealing. 

In  adjustment  of  the  contact  groups,  adequate  pre¬ 
travel  and  over-travel  are  provided  to  compensate  for 
wear  and  erosion  of  contact  surfaces,  assuring  high  con¬ 
tact  pressure  throughout  a  long  and  useful  life. 


DC-34  ■  CHARACTERISTICS  ■  DC-36 
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Etched  1-F  Amplifiei 
Pares  Color  Tv  Cost 
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Vane-tuned  inductances  and  rejection  traps,  etched  on  the  same  hoard  as 
the  wiring  of  a  41 -me  i-f  strip  for  color  tv,  provide  neat  and  economical  de¬ 
sign  technique.  Design  requirements  and  performance  data  are  covered 
completely  for  a  typical  i-f  strip  and  construction  details  given 


By  UNUS  RUTH*  Laboratories  RCA  Ltd.  Zurich,  Switzerland 


Etching  inductance  coils  and 
traps  on  the  same  board  as 
the  wiring  can  save  considerable 
material  and  labor  costs.  This  is  es¬ 
pecially  true  in  a  41-mc  i-f  strip 
for  color  tv  to  be  described  where 
the  number  and  complexity  of  in¬ 
ductances  make  is  possible  to  fully 
realize  the  economies  of  printed 


*  PART  OP  ETCHED  CIRCUIT 


circuitry.  The  bill  of  material  sav¬ 
ing  alone  compared  to  conventional 
three  tube  color  i-f  strips  is  ap¬ 
proximately  25  percent. 

Requirements 

In  a  wide-band  color  i-f  ampli¬ 
fier  there  must  be  sufficient  band¬ 
width  at  the  chrominance  detector 
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Ik*-  I — Schematic  diagram  oi  the  41-mc  1-1  amplifier.  Trope  are  printed  on  the  tome 
^pord  with  the  wiring  and  other  coils  and  are  vane  tuned 


to  handle  the  42.17-mc  color  sub¬ 
carrier  and  both  sidebands  up  to 
500  kc  from  the  color  subcarrier 
(B-Y,  R-Y  demodulation). 

The  bandwidth  at  the  luminance 
detector  should  produce  resolution 
in  line  with  good  monochrome 
practice.  There  should  be  26  to  30 
db  sound  attenuation  at  the  sound 
detector  for  proper  intercarrier  op¬ 
eration;  approximately  50  db  mini¬ 
mum  adjacent  picture  attenuation; 
approximately  50  db  minimum  ad¬ 
jacent  sound  attenuation  with  no 
phase  degradation  in  the  vicinity 
of  the  picture  carrier,  and  approxi¬ 
mately  50  db  minimum  sound  at¬ 
tenuation  at  the  luminance  detector 
for  elimination  of  920-kc  sound- 
color  beats.  Also,  the  picture  car¬ 
rier  at  the  chrominance  detector 
should  be  of  greater  amplitude 
than  the  chroma  subcarrier  to  pre¬ 
vent  luminance  modulation  of  the 
chroma  subcarrier. 

Design 

The  mixer  to  first  grid  is  over¬ 
coupled  with  low  side  capacitance 


•  Formerly  associated  with  Standard  Coil 
Products,  Los  Angeles,  Calif. 
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Photograph  of  l-f  amplifier  showing  layout  and  spacing  arrangement  between  the  coils 
in  the  center  of  the  strip.  This  arrangement  greatly  reduced  d-c  leakage 


.1  0.2  03  0.0  05 

distance  of  vane 

FROM  COIL  IN  INCHES 
(A) 


DISTANCE  OF  SLUG  CENTER 
FROM  COIL  IN  INCHES 
(8) 


Fig.  2 — Frequency  and  Q  plotted  against  distance  from  the  coil  using  aluminum  vanes 
on  steel  screw  (A)  and  powdered  iron  slug  tuning  (B) 


coupling  and  two  bifilar  T  traps; 
one  sound  and  one  adjacent  sound. 
See  Fig.  1.  The  next  two  stages 
are  grid  loaded  and  overcoupled, 
chosen  in  preference  to  a  staggered 
pair  because  it  was  felt  that  the 
problem  of  holding  the  coupling 
would  be  alleviated  with  coils  on 
the  same  board  and  provide  addi¬ 


tional  stage  gain. 

Attenuation  of  the  two  bifilar  T' 
traps  in  the  grid  of  the  first  i-f  is 
adjusted  by  a  tap  on  the  adjacent 
sound  trap  L,.  and  the  balancing  re¬ 
sistor  across  the  first  half  of  the 
cross  connected  bifilar  coil  L,  to 
give  maximum  attenuation  with 
minimum  low  frequency  phase  dis¬ 


turbance.  The  sound  trap  tap  is 
adjusted  to  give  28  db  sound  at¬ 
tenuation  at  the  sound  and  chroma 
detector.  With  this  adjustment,  at¬ 
tenuation  of  adjacent  sound  varies 
from  a  minimum  of  50  db  to  a 
maximum  of  over  70  db  with  a  5 
percent  variation  of  the  resistor. 
The  sound  trap  only  varies  from  a 
minimum  of  25  db  to  a  maximum 
of  30  db. 

One  of  the  problems  with  printed 
bifilar  coils  used  in  a  stagger-tuned 
circuit  is  that  d-c  leakage  develops 
between  the  plate  coil  and  the  grid 
coil.  The  B  +  potential  is  usually 
130-150  V  and  age  potential  is  —  3.0 
V  or  so,  at  relatively  high  imped¬ 
ance.  The  seriousness  of  this  leak¬ 
age  is  greatly  reduced  by  the  rela¬ 
tively  small  area  and  increased 
spacing  of  the  coupling  capacitor 
between  the  coils  in  the  center  of 
the  strip. 

There  are  three  bifilar  coils  on 
the  strip,  used  in  conjunction  with 
the  bifilar  traps.  Coil  L„  in  the 
grid  of  the  first  i-f  shown  in  Fig.  1 
and  La  in  the  detector  circuit  have 
no  d-c  potential  between  coils.  The 
d-c  potential  across  T,  could  be 
avoided  by  returning  the  grounded 
end  of  the  secondary  to  B-f-  with  a 
0.001-Fif  bypass  to  ground  at  that 
point. 

Detectors  are  overcoupled  with  a 
bifilar  T  sound  trap  in  the  lumi¬ 
nance  detector.  A  6,800-ohm  delay 
line  is  used  for  the  luminance  de¬ 
tector  load  and  negative  mutual 
peaking  is  used  in  the  video  ampli¬ 
fier  grid  circuit. 

The  chrominance  detector  is 
aligned  so  that  the  picture  carrier 


Clotaup  of  I-f  ompUfior  shows  tho  aluminum  vonos,  mounted  on 
Bleel  screws,  used  for  tuning  the  coils 

View  of  the  bifilar  trap  with  vane  removed  shows  aylon-screw 
mounting  hole.  Screw  ond  vane  ore  at  right 
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FIG.  3 — Capacitance  and  Q  plotted  against  vane  distance  irom  trjp  coil  using  aluminum  vane  (A),  copper  vane  mounted  on  steel 
screw  (B)  and  copper  vane  mounted  on  a  nylon  screw  (C) 


taken  care  of  by  a  small  copper 
strip  enclosing  the  trap  on  sides 
not  adjacent  to  ground.  Details  of 
the  shielding  are  shown  in  the 
photographs. 

Before  dip  soldering,  an  epoxy 
resist  is  screened  over  the  coils  and 
coupling  capacitors  so  that  their 
values  will  not  be  altered  during 
the  soldering  process. 

The  entire  chroma  detector  cir¬ 
cuit,  including  the  bifilar  T  4.5-mc 
sound  trap  L,  with  sound  take-off 
coil,  is  included  within  a.  I  hy  I  in. 
shield  can  except  for  the  crystal 
diode. 


The  i-i  strip  with  the  top  shield  removed  (left).  Shielding  ior  the  sound  trap  in  the  lumi¬ 
nance  detector  circuit  is  taken  care  of  by  o  smoll  copper  strip  enclosing  the  trap  on 
sides  not  adjacent  to  ground 


is  several  db  above  the  chroma 
subcarrier. 

Coils  are  vane-tuned  with  alumi¬ 
num  vanes  on  steel  screws.  This 
tuning  method  is  inexpensive  and 
gives  greater  tuning  range  than 
slug  tuning.  However,  when  the 
vane  gets  close  to  the  coil,  the  coil 
Q  deteriorates  seriously,  as  shown 
in  Fig.  2A.  Coil  inductance  is  ad¬ 
justed  so  that  the  vane  never  comes 
closer  than  0.125  in.  and  the  Q 
variation  is  kept  within  ±  10  per¬ 
cent  of  the  nominal  value. 

Figure  3A  shows  that  a  total 
variation  in  circuit  capacitance  of 
3.5  fifif  may  be  satisfactorily  com¬ 


ing  range  is  still  restricted,  as 
shown  in  Fig.  2B. 

Trap  inductance  was  increased 
by  extending  the  winding  into  the 
space  formerly  occupied  by  the 
slug,  maintaining  the  same  outside 
diameter  and  vane  tuning  with  a 
copper  vane  mounted  on  a  steel 
screw  was  tried.  If  the  Q  is  main¬ 
tained  above  150,  the  vane  must  be 
kept  0.15  inch  from  the  board  and 
a  capacitance  variation  of  ±  10 
percent  of  83.5  fifif  may  be  com¬ 
pensated,  as  shown  in  Fig.  3B. 

With  the  same  configuration  and 
a  nylon  screw  mount,  the  Q  may  be 
maintained  above  160  for  the  same 


Dotoils  of  tbiolding  for  l-f  ompUfiar  show 
punched  chassis  containing  spring  sur¬ 
faces  for  good  shielding  contact 


I!  pensated.  Since  this  is  several  capacitance  variation,  as  in  Fig.  3C.  A  series  tuner  is  used  to  check 
ij  times  the  expected  capacitance  the  performance  characteristics. 

variation,  it  is  safe  to  exclude  from  Shielding  Sensitivity  for  1  v  d-c  rise  at  the 

I  the  operating  range  the  0.125  in.  Small  shields  installed  across  luminance  detector  load  is  60  fiv 
closest  to  the  board.  each  tube  extending  to  the  edge  of  (i-f)  for  the  mixer  grid,  12  /iv  for 

The  traps  are  also  printed  on  the  the  strip  provide  decreased  imped-  channel  3  and  16  fiv  for  channel  10. 

same  board  with  the  wiring  and  ance  in  the  ground  paths  and  shield  Trap  rejection  of  sound  at  the 
other  coils.  The  original  tuning  adjacent  stages.  Further  shielding  luminance  detector  is  63  db,  ad- 

method  used  with  the  traps  was  a  is  provided  by  bottom  and  top  jacent  sound  is  58  db  and  adjacent 

powdered  iron  disk.  However,  this  covers.  The  grounding  strip  that  picture  is  40  db. 

method  resulted  in  low  Q  and  a  re-  extends  up  from  the  tube  socket  to  Adjacent  picture  attenuation 
stricted  tuning  range.  Later  a  ground  the  tube  shield  is  not  of  could  be  increased  to  greater  than 

large  threaded  slug  w’as  used  in  sufficiently  low  impedance,  there-  50  db  by  adding  another  trap, 

conjunction  with  a  threaded  nylon  fore  each  tube  shield  is  grounded  However,  further  shielding  for  this 

tube  to  allow  the  slug  to  be  with-  to  the  top  cover  by  three  springs,  addition  did  not  warrant  the  cost 

drawn  from  the  field  of  the  coil.  Shielding  for  the  sound  trap  in  and  the  trap  was  left  out  as  an 
icrew  Q  satisfactory  but  the  tun-  the  luminance  detector  circuit  is  economic  compromise. 

JUion 
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Roof-Top-Target  Tubes 

New  pulsating  X-ray  tube  designs  and  systems  for  their  use  are  described. 

The  most  successful  system  uses  two  tubes.  Each  tube  is  controlled  by 
applying  a  relatively  low-voltage  square  wave  to  a  special  tube  element  called 
a  diaphragm.  Anode  current  is  maintained  constant  by  alternately  switch¬ 
ing  from  one  tube  to  the  other.  Pulsating  frequency  can  be  controlled  from 
35  to  100,000  cps  with  an  adjustable  duty  cycle  from  10  to  90  percent 

By  E.  F.  WELLER  Physics-Instrumentation  Dept.,  Research  Staff,  General  Motors  Corp.,  Detroit,  Mich. 


Systems  for  using  special  X-ray 
tubes,  which  can  be  pulsed 
over  a  wide  range  of  frequencies 
and  duty  cycles,  are  described.  The 
tubes  are  capable  of  delivering 
therapeutic  dose  levels. 

Square  pulses  of  X-ray  energy 
can  be  produced  at  rapid  repetition 
rates  in  five  basic  ways.  These  are : 
interruption  of  the  beam  with  a 
mechanically  controlled  shutter ; 
pulsing  the  anode  voltage  of  the 
X-ray  tube;  use  of  a  control  tube 
in  the  cathode  circuit  to  interrupt 
the  X-ray  tube  current;  deflection 


FIG.  I — X-ray  tube,  type  1,  hoe  crossed 
targets.  Type  2  has  a  roof-top  torget 


FIG.  2 — Cutoff  characteristics  of  the 
second  X-roy  tube  described  In  this  article 


Table  I — Typical  Characteristics 
of  Pulsating  X-Ray  Tubes _ 


Experi¬ 
mental 
Type  1 

Experi¬ 
mental 
Type  2 

Anode  voltage  (kv) 

-1-80 

-1-80 

Anode  current  (ma) 

20 

20 

Deflection  plate 

-1-1,200 

-fl,250 

voltage  (v) 

-  (-1-50) 

-  (+60) 

Beam  skitter  and 

-1-  1,250 

0 

diaphragm 
voltage  (v) 

Cathode  bias  (v) 

-800 

-2,000 

Filament 

8 

8 

voltage  (v) 

Filament 

4 

4 

current  (amp) 

Output 

240 

230 

(r/min  at  10  in.) 

Tube  dimensions 

20  ^-in.  long  4-in.  diameter 


Distributed  capacitance  (mmI) 

Beam  splitter  and  diaphragm  1.15 
Deflection  plate  0.95 

Anode  not  measurable 


of  the  electron  beam,  within  the 
tube,  to  a  second  target  which  emits 
X-rays  in  a  different  direction ;  and 
interruption  of  the  X-ray  tube  cur¬ 
rent  by  pulsing  a  control  element 
within  the  tube.  The  first  three  sys¬ 
tems  limit  duty  cycle  and/or  repeti¬ 
tion  frequency.  The  remaining  two 
do  not. 

To  make  possible  electron-beam 
deflection  and  current-interruption 
systems,  two  basic  tube  types  were 
developed  and  supplied  by  Westing- 
house  Electric  Corp.  Each  tube 
type  shown  in  Fig.  1,  contains  a 
special  target  shape,  electrostatic 
deflection  plates,  and  a  diaphragm 
or  grid.  Output  from  both  tubes,  as 
well  as  operating  voltages  and  cur¬ 
rents,  are  shown  in  Table  1. 

Beam-Deflection  System 

The  electron-beam  deflection  sys¬ 
tem,  using  the  new  tubes,  presented 
one  basic  problem.  The  total  num¬ 


ber  of  electrons  comprising  the  tube 
current  could  not  be  directed  solely 
to  the  desired  target.  Under  op¬ 
timum  conditions,  a  minimum  of 
three  percent  of  the  X-rays  was 
emitted  from  the  dead  target.  This 
emission  was  probably  caused  by 
stray  electrons  striking  the  target. 

Experimentation  showed  that  it 
was  possible  to  cut  off  the  X-ray 
tube  current  completely  by  reduc¬ 
tion  of  potential  between  diaphragm 
and  cathode.  Tests  run  with  fixed 
deflection-plate  voltage  and  a  pulsed 
diaphragm  voltage  showed  that 
this  type  of  operation  was  feasible. 
Figure  2  shows  cutoff  character¬ 
istics  of  the  second  experimental 
tube  type  when  operating  under 
these  conditions.  Experience  with 
the  tubes  indicated  ’  that  the  di¬ 
aphragm  voltage  required  to  cut 
off  the  beam  current  could  be  re¬ 
duced  by  a  redesign  of  the  location 
of  the  tube  elements. 
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Pulse  X-Rays 


FIG.  3 — Ultimate  system  uses  two,  t7pe>2 
tubes.  Principol  components  are  shown 

FIG.  4 — Diaphragm  pulser  circuit.  High- 
Toltage  pulses  are  generated  in  this  unit 


Since  average  anode  current  is  a 
function  of  duty  cycle,  constant 
anode  voltage  is  difficult  to  maintain 
with  commercial  X-ray  high-voltage 
supplies.  Commercially  available 
power  supplies  are  not  capable  of 
holding  the  instantaneous  tube  out¬ 
put  sufficiently  constant.  This  dif¬ 
ficulty  was  overcome  by  installing 
a  second  X-ray  tube.  The  di¬ 
aphragms  in  each  tube  were  pulsed 
alternately  to  maintain  constant 
anode  voltage  and  current. 

Final  Two-Tube  System 

The  overall  pulsating  X-ray  sys¬ 
tem  is  shown  in  Fig.  3.  Electrode 
power-supply  voltages  were  de¬ 
signed  to  pulse  the  diaphragms. 
From  a  circuit  design  and  construc¬ 
tion  viewpoint,  it  is  easier  to  make 
the  pulser  and  high-voltage  supplies 
operate  with  their  negative  voltage 
sides  at  ground  potential.  This 
factor  complicated  the  anode  cool¬ 
ing  problem  in  that  the  anodes  are 


operated  at  80  kv  above  ground. 

The  tubes  are  constructed  with¬ 
out  an  outer  protective  cover  or 
tube  housing  primarily  so  that  the 
tube  elements  can  be  observed  at  all 
times.  As  a  result,  a  cooling  liquid 
could  not  be  circulated  over  the  sur¬ 
face  of  the  tube.  Cooling  is  ac¬ 
complished  by  circulating  water 
through  a  spray  nozzle  screwed  into 
the  anode  stem  behind  the  target. 

The  pulser  must  supply  3,600-v 
peak-to-peak  pulses,  swinging  from 
400  to  4,000  V.  It  derives  its  input 
signal  from  a  square-wave  gen¬ 
erator  modified  to  give  an  adjust¬ 
able  duty  cycle  of  10  to  90  percent 
from  35  to  100,000  cps. 

Pulser  Circuit 

Circuit  diagram  for  the  pulser 
is  shown  in  Fig.  4.  Tube  V,  is  a 
voltage  amplifier  with  the  plate 
peaking  inductance  adjusted  for 
optimum  operation.  Output  of  this 
stage  drives  a  cathode  follower, 


which  provides  sufficient  power  to 
drive  one  of  the  pulser  tubes.  A 
signal  from  V,  is  also  coupled  to  a 
phase  inverter,  F*.  The  phase  in¬ 
verter  feeds  cathode  follower  V. 
which  drives  the  other  pulser. 

Grids  of  F,  and  V,  are  diode- 
clamped  to  keep  the  baseline  of  the 
waveform  at  constant  level.  Output 
from  stages  F,  and  F,  is  fed  to 
relay  K,.  This  relay  permits  switch¬ 
ing  grids  of  the  357B  pulser  tubes 
from  the  output  of  the  cathode  fol¬ 
lowers  to  steady  direct  voltages. 
The  voltages  are  set  so  that  one 
tube  has  -1-22.5  v  applied  to  its  grid 
while  the  other  has  —200  v.  Actuat¬ 
ing  relay  K,  reverses  this  condition 
to  permit  either  steady-up  or 
steady-down  X-ray  beam  operation. 

Diaphragm  drive  tubes,  Fj  and 
F„  are  inductively  compensated  in 
the  plate  circuit.  The  357B  tubes 
were  chosen  because  they  develop 
high-voltage  pulses  and  their  inter¬ 
electrode  capacitances  are  small. 
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Spurious  indications  on  a  radar  screen  of  an  object  in  space  when  nothing  is 
visible  are  commonly  called  angels.  Observations  of  reflection  phenomena 
have  been  noted  since  1936  and  up  to  recent  flying  saucer  incidents.  Known 
or  theorized  causes  include  insects,  birds,  tropospheric  layers,  water  vapor, 
storms,  convection  bubbles,  mineral  and  organic  particles,  clouds  and  the 
ever  increasing  number  of  radio  signals  present  in  space 

By  VERNON  G.  PLANK  Project  Scientist,  Air  Force  Cambridge  Research  Center,  Bedford,  Mass. 


Atmospheric  Angels 


Radar  echoes  that  are  received 
from  or  caused  by  a  sensibly 
clear  atmosphere  are  commonly 
called  angels.  Coincident  with  ex¬ 
panded  use  of  ultra-high-power 
radars  there  has  been  a  marked  in¬ 
crease  in  the  number  of  such 
echoes.  Some  of  them  are  readily 
recognized  as  products  of  scattering 
from  precipitation  particles  or  of 
anomalous  propagation,  but  many 
of  the  others  tend  to  defy  a  simple 
explanation.  They  are  mostly  phe¬ 
nomena  of  mere  casual  interest,  but 
they  can  cause  operational  problems 


and  are  of  growing  meteorological 
significance. 

Recent  observations  and  acceler¬ 
ated  research  have  contributed  ap¬ 
preciably  to  our  understanding  of 
these  elusive  echoes.  Controversy 
has  by  no  means  been  eliminated, 
but  certain  features  have  been  iso¬ 
lated  and  general  patterns  estab¬ 
lished. 

Pre-Radar  Observations 

The  first  angel  echoes  were  de¬ 
tected  with  vertically  directed 
pulsed  radio  equipment.  In  1936  in¬ 


vestigators  in  England,  India  and 
the  United  States  independently  re¬ 
ported  detecting  weak  echoes  at  3 
to  300  meters  under  conditions  that 
suggested  low-level  atmospheric 
sources. 

Continuing  pulsed  radio  work 
prior  to  the  war  supported  the  ini¬ 
tial  observations.  Echoes  were  de¬ 
tected  frequently  at  altitudes  of 
1,600  to  50,000  ft  during  all  seasons 
and  at  various  hours  of  the  day  and 
night.  They  tended  to  be  especially 
strong  in  summer,  during  the  aft¬ 
ernoon  and  near  the  tropopause  be¬ 
low  8,000  ft.  The  altitude  of  the 
sources  appeared  to  vary  with  air 
mass  and  at  times  echoes  that  were 
strong  and  persistent  at  25  and  50 
meters  were  weak  and  intermittent 
at  3  meters.  Maximum  power-reflec¬ 
tion  coefficients  varied  from  10  *  at 
long  wavelengths  to  10'“  at  the 
shorter  ones. 

Considerable  controversy  ex¬ 
isted  concerning  the  source  of 
these  echoes.  Pulsed  radio  antennas 
were  at  best  only  slightly  directive, 
and  many  persons  felt  the  echoes 
were  merely  side  reflections  from 
ground  objects.  Others  considered 
the  sources  to  be  refractive  layers 
or  patches,  primarily  because  of  the 
many  correlations  between  the  oc¬ 
currence  and  altitudes  of  the  echoes 
and  the  meteorology. 

Strong  echoes,  for  example,  were 
received  from  altitudes  where 
radiosonde  and  aircraft  measure¬ 
ments  showed  the  presence  of 
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Radar  dUploys  oi  seTeral  angel  types.  Lower  left  section  of  (A)  is  lightning  echo.  Circular  echo  under  InTerted-U  mantel  echo  of  (B) 
was  rising  at  250  it/min.  Thin  diagonal  line  in  upper  left  region  oi  (C)  is  echo  from  clear  sky  Just  ahead  oi  squall  line 


Mimic  Radar  Echoes 


weather  fronts,  air-clound  boun¬ 
daries  and  other  strata  having 
sharp  and  extensive  lapse  rates  of 
relative  humidity,  the  refractive  in¬ 
dex  being  highly  dependent  on  hu¬ 
midity.  Weak  and  more  diffuse 
echo  types  were  observed  with  tur¬ 
bulent  zones  and  thunderstorms. 
Ion  layers  were  suspected  for  a 
time,  but  measurements  disproved 
this  possibility. 

Various  attempts  were  made  to 
resolve  this  controversy  but  general 
agreement  never  was  reached.  The 
observations  are  nevertheless  most 
interesting  when  viewed  in  the  light 
of  subsequent  radar  observations  of 
similar  phenomena. 

Layer  Echoes  on  Radar 

Echoes  from  suspected  tropo¬ 
spheric  layers  or  patches  were  first 
detected  on  vertical-pointing  radars 
in  1947.  Equipment  operated  at  10 
cm  and  radiosonde  data  showed  that 
the  echoes  derived  from  altitudes 
where  atmospheric  refractive  lay¬ 
ers  existed.  Other  echoes  were  ob¬ 
served  at  3  cm  and  13-17  meters 
as  well. 

Subsequently  at  the  Cavendish 
Laboratories,  low-level  echoes  at  10 
cm  were  detected  over  Cambridge, 
England,  and  a  detailed  meteorolog¬ 
ical  study  showed  that  they  were 
from  an  atmospheric  subsidence 
inversion.  Evans  Signal  Corps  En¬ 
gineering  Laboratory,  using  a 
0.86-cm  vertical-pointing  radar,  re¬ 
ceived  a  semicontinuous  echo  for  a 


20-hr  period  from  the  clear  sky 
near  a  sharp  subsidence  inversion. 
Air  Force  Cambridge  Research 
Center  detected  well-defined  signals 
from  a  sea-breeze  front  800  feet 
above  a  1.25-cm  radar  and  many 
echoes  from  invisible  layers  and 
thin  stratified  clouds  were  observed 
using  S-and  L-band  equipment. 

Although  there  is  little  doubt 
that  atmospheric  layers  can  give 
radar  echo,  rigorous  proof  of  the 
point  is  beyond  our  present  capa¬ 
bilities.  The  echoes  are  a  product 
of  the  microrefractive  structure  of 
the  stratified  or  turbulent  layers. 
We  can  neither  measure  this  struc¬ 
ture  to  the  resolution  required  nor 
can  we  obtain  from  present  theory 
more  than  a  qualitative  idea  of  the 
scattering  or  partial  reflection  to  be 
expected.  Present  instruments  hav¬ 
ing  a  resolution  capability  of  a 
few  feet  do  show  many  regions  and 
layers  where  refractive-index  gradi¬ 
ents  are  sharp  and  extensive. 

Project  Lincoln  of  Massachusetts 
Institute  of  Technology  has  made 
various  airborne- ref  ractometer 
measurements  and  found  numerous 
stratified  refracting  layers.  Some 
extend  over  many  square  miles  and 
possess  vertical  gradients  of  as 
much  as  3N  units  per  meter.  Quan¬ 
tity  N  is  (n— 1)  X  10*,  where  n  is 
the  true  refractive  index. 

It  has  also  been  shown  theoreti¬ 
cally  that  such  layers  can  cause  sig¬ 
nificant  partial  reflection  of  meter 
and  centimeter  waves,  a  given  layer 


being  more  reflective  at  the  longer 
wavelengths.  AFCRC  has  measured 
40  to  70iV  unit  changes  in  tens  of 
feet  at  the  top  of  a  stratus  cloud 
deck  and  flying  through  a  warm 
front  has  revealed  it  to  be  a  region 
of  considerable  index  variation. 

Some  radar  echoes  may  look  like 
atmospheric  layers  but  merely  be 
side-lobe  reflections.  Site,  antenna 
pattern,  type  of  scan  and  set  sensi¬ 
tivity  and  power  are  determining 
factors.  High  power  radars  can  be 
especially  subject  to  such  reflec¬ 
tions,  for  although  the  side  lobes 
are  20  to  30  db  below  the  primary 
they  radiate  substantial  power. 

W'md-Carried  Sources 

In  1943  a  different  type  of  radar 
echo  phenomena  was  noted  by  Bell 
Telephone  Laboratories.  Invisible 
and  apparently  wind-carried 
sources  in  the  lower  troposphere 
were  causing  transistory  and 
sharply  localized  echoes  on  sensi¬ 
tive  X-  and  S-band  equipment.  On 
a  plan-position  scope  the  echoes 
take  the  form  of  dots  or  small  areas 
moving  over  the  face,  sometimes  in 
tremendous  numbers. 

On  a  range-height  indicator  or 
the  azimuth-range  scope  of  a  fixed- 
beam  radar  operating  anywhere  be¬ 
tween  horizontal  and  vertical  inci¬ 
dence,  the  echoes  are  from  a 
fraction  of  a  second  to  several  sec¬ 
onds  duration,  and  frequently  a 
number  of  them  occur  simultane¬ 
ously  at  different  ranges.  Gener- 
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ally  the  echoes  are  received  from 
ranges  of  less  than  20  mi  and  their 
character  is  coherent,  quite  differ¬ 
ent  from  the  scattered  signals  from 
precipitation.  Most  sources  are  in¬ 
dicated  to  be  smaller  than  the  reso¬ 
lution  capability  of  the  radar. 

Many  such  echoes  have  since 
been  detected,  especially  at  Q,  K 
and  X  bands.  They  are  observed 
in  all  seasons,  both  day  and  night, 
but  they  are  more  likely  to  occur 
in  summer  and  at  midday.  Warm, 
moist,  clear  days  seem  especially 
favorable.  Maximum  volume  reflec¬ 
tivities  at  K  and  X  bands  range 
from  10'“  to  10‘“,  which  is  about 
0.4  to  50  sq  cm  radar  cross-section. 

The  primary  source  of  most  of 
these  echoes  is  believed  to  be  re¬ 
fractive-index  inhomogeneities  of 
various  types.  Convective  bubbles, 
highly  refractive  portions  of  at¬ 
mospheric  layers  and  water-vapor 
or  temperature-anomaly  regions  are 
typical  examples. 

The  precise  mechanism  of  energy 
return  from  a  variable  dielectric 
is  not  known.  But  it  is  suspected 
that  echo  is  the  summation  product 
of  partial  reflection  from  all  the  fa¬ 
vorably-oriented  refractive-index 
gradients  or  other  microstructure 
within  the  radar  pulse  volume. 

That  which  appears  best  to  ex¬ 
plain  daytime  activity  is  the  con¬ 
vective  bubble.  Such  invisible 
bubbles  rise  from  the  earth’s  sur¬ 
face  during  active  solar  heating  and 
are  important  elements  in  cumulus- 
cloud  development.  The  sharp  re¬ 
fractive  gradients  in  the  upper  and 
side-boundary  region  of  the  bubble 
are  believed  responsible  for  echoes. 
Aircraft  and  other  observations 
verify  the  bubble's  existence  and 
theory  forecasts  their  sharp  boun¬ 
dary  structure.  Decided  correla¬ 
tions  between  convective  and  angel 
activity  have  been  noted  by  various 
investigators. 

Insects  are  also  important  con¬ 
tributors.  Their  ability  to  cause 
substantial  scatter  signal  on  sensi¬ 
tive  high-resolution  Q-  K-  and 
X-band  radars  has  been  proven  by 
theory  and  observation.  Radar 
crosssections  range  up  to  four  times 
geometric  size  and,  since  the  sys¬ 
tem  compresses  a  large  part  of  the 
atmosphere  onto  a  small  indicator, 
surprisingly  few  insects  can  cause 
appreciable  scope  clutter. 


On  a  0.86-cm  cloud-base-and-top 
indicator  only  one  detectable-size 
insect  in  10‘  cu  ft  is  required  to  fill 
the  scope  with  echo.  Normal  con¬ 
centrations  of  large  insects  are  per¬ 
haps  i  to  1/6  of  this,  but  during 
the  spring  and  fall  they  may  ap¬ 
proach  or  even  exceed  it. 

Occasionally  large  mineral  or 
organic  particles  are  carried  into 
the  air  by  winds  or  thunderstorms. 
When  they  are  settling,  these  parti¬ 
cles  may  also  cause  angel  echoes. 

Relative  importance  of  the  two 
primary  sources  depends  on  loca¬ 
tion,  time  of  day  and  wavelengrth. 
Evidently  inhomogeneities  are  more 
important  in  humid  climates,  dur¬ 
ing  midday  and  at  the  longer  wave¬ 
lengths.  Insects  predominate  in 
arid  cUmates,  toward  evening  and 
at  the  shorter  wavelengths.  Since 
insects  cause  echo  by  scattering, 
considerable  radiated  power  is  re¬ 
quired  for  their  detection.  Most  op¬ 
erational  X-,  S-  and  L-band  radars 
should  therefore  be  free  of  insect 
echoes. 

Mantel  Echoes 

Another  wind-carried  echo  source 
was  isolated  quite  recently.  Echoes 
that  defined  the  general  upper  and 
side  boundary  regions  of  small 
cumulus  clouds  were  received  on  S 
band  at  East  Hill,  England.  The 
clouds  were  nearby  and  clearly 
visible,  and  a  perfect  correspond¬ 
ence  was  established  between  the 
echo  and  cloud  positions.  On  the 
rhi  scope  these  mantel  or  cap 
echoes  look  like  inverted  U’s  and 


V’s.  Similar  echoes  have  subse¬ 
quently  been  observed  on  Cape  Cod, 
also  at  S  band.  Both  observations 
failed  to  detect  the  echoes  at  X 
band. 

It  is  believed  that  mantel  echoes 
are  caused  by  scattering  or  partial 
reflection  from  sharp  and  extensive 
refractive-index  gradients  that  air¬ 
borne  refractometer  measurements 
have  shown  to  be  in  the  boundary 
regions  of  cumuli.  These  echoes 
couldn’t  have  resulted  from  scatter¬ 
ing  by  water  droplets  as  the  clouds 
were  too  small. 

The  East  Hill  observations  also 
revealed  other  angel  echoes  rising 
into  the  cumuli  from  the  clear  air 
region  below,  and  sometimes  col¬ 
umnar  echoes  were  observed  ex¬ 
tending  from  the  ground  to  the 
mantels.  Implications  are  that  the 
radar  was  seeing  convective  bub¬ 
bles  and  thermals. 

Non-Wind  Echoes 

There  is  also  a  class  of  localized 
angel  activity  similar  in  scope  ap¬ 
pearance  to  that  apparently  from 
wind-carried  sources  except  that  the 
echo  movement  may  vary  from  the 
wind  velocity  and  direction.  Vel¬ 
ocities  are  generally  under  50 
knots,  movements  are  semiregular 
and  the  tracks  are  smooth  curves. 
Some  reports,  however,  indicate 
movements  in  the  direction  of  the 
wind  at  twice  its  velocity.  Radar 
cross-sections  of  the  sources  range 
as  large  as  700  sq  cm  at  L  band. 

Such  angels  have  been  observed 
primarily  on  air-traffic-control  ra- 
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Ring  ongcU  obtenred  on  two  January  doym  at  Engineoring  RMoarch  InsHiuto  of  UniTortity  of  Michigan.  Sightingi  occurred  around  4 
pjn.  locol  time  ond  were  obterred  on  a  23-cm  FPS-3  radar 


dars  with  the  ppi  scan  and  moving-  mid-latitudes.  Echoes  in  varying  only  a  few  small  atmospheric  vol- 
target  indicator  on.  They  strongly  number,  depending  upon  day  and  umes  are  involved, 
resemble  echoes  from  small  aircraft  location,  have  been  observed  out  to  There  is  appreciable  evidence  to 
and  usually  occur  at  a  range  of  less  ranges  of  20-25  mi.  Visual  observa-  support  the  hypothesis,  and  it  is 
than  20  mi.  They  sometimes  are  so  tions  have  agreed  with  indicated  easier  to  explain  echoes  from  in- 
prevalent  as  to  constitute  a  definite  source  positions  and  the  velocities  homogeneities  if  we  assume  diver- 
operational  handicap.  Radars  seem  and  motions  were  appropriate  to  sion  to  ground  rather  than  direct 
most  strongly  affected  in  the  L  birds.  Furthermore  the  presence  back  scatter.  That  anomalous  pro¬ 
band,  but  the  echoes  are  also  com-  and  patterns  of  activity  conformed  pagation  can  result  from  convective 
mon  at  S  band  and  have  been  re-  with  many  of  birds’  characteristic  blobs  on  a  clear  day  is  not  commonly 
ported  at  X  band.  On  several  occa-  habits.  Reports  point  out  the  ex-  known,  yet  this  was  recently  ob- 
sions  the  sources  have  been  followed  cellence  of  bird  sources  because  of  served  and  verified  on  3  cm  at 
with  a  tracking  radar  for  20  min.  their  elevation  above  the  surface,  Salina,  Kansas. 

Suggested  sources  for  most  of  and  emphasize  that  as  few  as  eight  Other  possible  explanations  for 
this  activity  include  birds,  larger  birds  in  a  sq  mi  can  completely  non-wind  echoes  are  side-lobe  and 
insects  and  elevated  refractive-  blank  the  ppi.  second-sweep,  automobile  reflec- 

index  inhomogeneities.  Reports  of  Although  birds  probably  pre-  tions,  interference  between  radars, 
bird  echoes  date  back  to  1939.  Birds  dominate  as  sources  of  non-wind-  and  instrument-produced  signals, 
are  excellent  scatterers  and  at  close  correlated  angels,  they  cannot  ex-  ©  ^  c  •  aa 

range  can  cause  substantial  echo,  plain  echoes  with  indicated  radar  ®"®  Erratic  Movemenfs 

In  1945  the  British  Army  Opera-  cross-sections  of  several  hundred  A  type  of  nonaircraft  echo  sud- 
tional  Research  Group  made  an  ex-  sq  cm.  There  must  be  other  sources,  denly  appears,  moves  for  some 
tensive  study  of  bird  echoes  and  One  hypothesis  is  that  they  are  ele-  minutes  in  a  semi-straight  line  path 
measured  radar  cross-sections  as  vated  refractive  inhomogeneities  at  600  to  1,500  mph  and  then  disap- 
large  as  20  sq  cm  at  S  band.  More  which  play  a  different  role  from  pears.  As  yet  this  is  unexplained, 
recent  measurements  show  that  sea  those  described  previously.  Here  but  there  is  speculation  that  the 
gulls  scatter  energy  as  though  they  they  are  visualized  to  be  properly-  source  might  be  shock  waves,  echo 
were  airborne  quarts  of  water,  structured  and  oriented  blobs,  or  being  the  product  of  direct  back- 
Large  birds  at  10  mi  will  give  sig-  convective  bubbles.  scatter  or  diversion  of  energy  to 

nals  equivalent  to  that  from  a  Or  they  may  be  portions  of  at-  ground.  Shock  waves  are  thin,  on 
medium-size  aircraft  at  50.  Even  mospheric  layers  which  divert  in-  the  order  of  lO"’  in.  and  the  re- 
the  fading-fluctuation  character  of  cident  radar  energy  to  the  ground  fractive  index  differences  across 
the  echoes  resembles  that  of  air-  by  refractive  bending  or  forward  them  can  range  as  large  as  several 
craft  echoes.  scattering.  The  illuminated  patch  hundred  N  units. 

Project  Lincoln  and  the  Naval  of  ground,  perhaps  a  particular  ter-  Then  there  are  radar  flying 
Research  Laboratory  have  reported  rain  feature,  then  scatters  energ>’  saucers.  One  popular  explanation 
that  birds  are  almost  wholly  respon-  back  to  the  receiver  through  the  invokes  extraterrestrial  sources, 
sible  for  the  angel  activity  ob-  reciprocal  path.  The  situation  is  but  others  can  also  be  conjured, 
served  near  the  Atlantic  shore  in  really  anomalous  propagation,  but  There  is  good  reason  to  believe  that 
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many  such  echoes  are  merely  the 
product  of  scope  misinterpretation. 
The  observer  assumes  that  the  echo 
return  presented  on  successive  ro¬ 
tations  of  the  antenna  is  derived 
from  a  single  moving  source  when 
actually  the  returns  are  unrelated 
ones  of  types  previously  discussed. 
The  classic  saucer  incidents  over 
Washington,  D.  C.  in  July,  1952, 
for  example,  occurred  when  the  at¬ 
mosphere  was  exceedingly  superre- 
fractive  and  spotty  anomalous  prop¬ 
agation  was  definitely  in  order. 

Another  saucer  mechanism  that 
could  explain  rapid  and  erratic  echo 
maneuvers  at  close  range  is  non¬ 
isotropic  secondary-scattering  of 
energy  from  aircraft  to  ground  or 
the  inverse.  Phantom  echoes  that 
overtake,  fly  parallel  with  or  collide 
with  valid  aircraft  echoes  can  be 
thus  explained. 

Other  scope  patterns  reveal 
phenomena  with  rather  obvious 
meteorological  origins.  In  the  sum¬ 
mer  of  1953  sea  breeze  fronts  were 
detected  at  horizontal  and  vertical 
incidence  as  they  moved  onshore  at 
Round  Hill,  Massachusetts.  During 
1955-56  ring  angels  were  detected 
at  Ann  Arbor,  Michigan.  These  ap¬ 
pear  on  the  ppi  like  concentric,  ex¬ 
panding  waves  formed  by  dropping 
a  stone  in  water. 

The  mechanism  best  explaining 
the  facts  is  that  radar  energy  was 
diverted  to  ground  by  elevated, 
point-source  gravity  waves.  Lines 
or  bands  of  angel  echoes  have  fre¬ 
quently  been  observed  at  L  and  S 
bands  lying  in  the  clear  air  regions 
in  advance  of  squall  lines  or  parallel 
to  the  edges  of  shower  echoes. 
Frontal  circulations  set  up  by 
storms  or  nascent  zones  of  cumulus 
development  are  believed  respons¬ 
ible.  Finally  there  have  been  many 
observations  at  X,  S  and  L  bands 
of  the  ionized  channels  left  in  the 
atmosphere  by  lightning  dis¬ 
charges. 

Meteorological  Angel  Study 

Our  knowledge  of  the  sea.sonal, 
diurnal  and  general  meteorological 
dependence  of  most  angel  types  is 
exceedingly  sketchy.  Certain  as¬ 
sociations  with  convection,  non-con- 
ventional  superrefraction  and  with 
clouds  and  fronts  have  been  noted 
rather  frequently.  But  the  specific 
dependencies  have  not  been  estab- 


Echo  from  secondary  scattering.  Line  A 
is  aircraft  path,  line  B  is  echo  from  air¬ 
craft  to  point  E  to  aircraft  to  receiver. 
Line  C  shows  similar  scattering  involving 
point  F.  Line  D  shows  scattering  from  E 
to  aircraft  to  E  to  receiver 


lished,  nor  the  forecast  rules  ascer¬ 
tained.  We  know  that  small  cumu¬ 
lus  clouds  don’t  invariably  produce 
mantel  echoes  and  that  convection 
occurs  frequently  without  angels, 
but  we  have  as  yet  only  identified 
a  few  of  the  peculiarities  of  the 
meteorology  that  are  responsible 
for  the  differences. 

The  angel  activity  observed  on  a 
vertical-pointing  radar  operating 
at  1.25  cm,  with  0.37  deg  conical 
beam,  0.4-/xsec  pulse  and  10.8-kw 
output  has  been  studied  in  some  de¬ 
tail  and  may  be  typical  of  the  ac¬ 
tivity  of  apparently  wind-carried 
sources.  Facsimile  records  of  the 
a/r  scope  for  a  15-month  period  of 
daytime  operation  were  analyzed  to 
ascertain  the  nature  of  the  angel 
activity  and  sources.  Days  both 
with  and  without  echoes  were  com¬ 
pared  with  the  meteorology.  The 
radar  site  was  Boston. 

The  investigations  reveal  that 
angels  occur  primarily  on  days  with 
high  temperature,  high  humidity 
and  low  wind  speed.  Activity  is 
especially  intense  during  the  sum¬ 
mer  months,  at  midday  and  with 
clear  skies.  Activity  also  appears  to 
be  favored  by  opposing  conditions 
of  surface  and  atmospheric  mois¬ 
ture.  No  angels  have  occurred  when 
the  ground  is  completely  covered 
with  snow,  when  low-level  atmos¬ 
pheric  temperature  inversions  exist 
below  the  minimum  radar  range  of 
500  ft,  or  when  the  atmosphere  is 
extremely  dry. 

In  most  instances  angels  occur 
entirely  within  the  convective  mix¬ 


ing  region,  sometimes  showing  an 
obvious  intimate  correlation  with 
cumulus  clouds.  On  clear  days  there 
is  a  pronounced  diurnal  trend, 
echoes  beginning  early  in  the  morn¬ 
ing,  increasing  to  maximum  at 
noon,  then  decreasing  rather 
sharply  during  the  afternoon.  The 
echo  altitude  rises  throughout  the 
morning,  is  highest  at  the  time  of 
maximum  surface  temperature,  and 
drops  off  thereafter. 

Bunched  or  layer  echoes  occur  in 
the  vicinity  of  sharp  moisture 
gradients,  with  or  sometimes  im¬ 
mediately  after  a  summer  rain,  or 
under  conditions  of  extremely  high 
moisture,  with  greater  than  12  gm 
of  water  vapor  in  one  kg  of  air. 
Calculations  indicate  that  the  echo 
sources  range  up  to  70  ft  wide  and 
from  180  to  360  ft  high,  with  the 
smaller  sources  more  numerous. 

Available  entomological  informa¬ 
tion  indicates  insect  and  angel  ac¬ 
tivities  to  be  similar  in  many  re¬ 
spects,  and  insects  appear  to  be  an 
important  source  of  echoes.  With 
few  exceptions,  however,  insects 
do  not  fly  at  temperatures  below  40 
or  above  95  F.  Substantial  angel 
activity  is  observed  on  both  sides 
of  these  limits.  Furthermore,  in¬ 
dicated  source  sizes  of  some  tens  of 
feet  are  not  readily  explained  by 
insects. 

Meteorological  conditions  favor- 
in?  atmospheric  refractive  in¬ 
homogeneities  and  the  theoretical 
refractive  properties  of  nonsatur- 
ated  air  parcels  rising  through  a 
turbulent  environment  have  been 
established.  The  observed  seasonal 
and  temperature  dependence  of 
angels  agrees  with  the  theoretical 
conditions  favoring  refractive  in¬ 
homogeneities.  Virtually  every  ob¬ 
served  feature  of  the  activity  is 
explained  if  one  assumes  that  the 
responsible  inhomogeneities  are 
convective  bubbles  of  warm-moist 
air. 

But  the  full  potential  of  radar 
techniques  for  studying  fronts,  in¬ 
version,  lightning  activities  and  the 
processes  of  convection  are  just 
beginning  to  be  realized.  Vertical 
probing  at  L  and  P  bands  should 
enable  us  to  detect  and  monitor 
their  positions  and  thus  obtain  in¬ 
formation  not  presently  available 
from  weather  radars  that  depend 
on  particle  scattering  for  signal. 
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Fast  Transistor  Relay 

Push-pull  switching  unit  capable  of  handling  up  to  10  amperes  has  a  rise  time 
of  50  Msec.  Zener  diode  control  triggering  voltage  level  to  eliminate  need  for 
step-waveform  control  voltage  to  provide  equivalent  to  mechanical  relay 

By  DORRANCE  L.  ANDERSON  Development  Engineer,  Army  Ballistic  Missile  Agency,  Huntsville,  Alabama 


Transistors  prove  to  have  al¬ 
most  ideal  switching  character¬ 
istics.  However,  to  obtain  the  step 
function  characteristics  of  a  clos¬ 
ing  relay  with  transistors  a  step 
function  is  usually  necessary  at  the 
input  of  the  transistor. 

In  the  circuit  described  here, 
a  step  input  is  not  required  yet 
switching  is  as  rapid  as  with  a 
relay. 

A  rising  d-c  voltage  applied  to 
the  input  produces  no  output  until 
a  predetermined  level  has  been 
reached.  Upon  reaching  the  desired 
input  level,  the  pow'er-supply  volt¬ 
age  is  suddenly  switched  across  the 
load.  The  circuit  remains  locked  in 
as  long  as  the  input  voltage  equals 
or  exceeds  the  level  at  which  the 
trip  action  takes  place. 

The  transistor  relay  circuit  is 
shown  in  Fig.  1.  Key  to  its  opera¬ 
tion  is  controlled  positive  feedback. 
The  input  voltage  at  which  the  cir¬ 
cuit  trips  is  determined  largely  by 
the  breakdown  voltage  of  Zener 
diode  Di.  Fall-out  voltage  is  con¬ 
trolled  mainly  by  the  breakdown 


voltage  of  the  diode  and  the  amount 
of  positive  feedback. 

Circuit  Operation 

As  the  input  voltage  reaches  the 
level  where  D,  begins  to  break,  cur¬ 
rent  starts  to  flow  in  the  input  cir¬ 
cuit  of  Q,.  Collector  current  of  Q, 
drives  Q.  into  conduction.  The  col¬ 
lector  of  Qs  goes  positive  and  this 
positive-going  voltage  is  fed  back 
through  Rr.  to  the  base  of  Q,.  This 
feedback  is  regenerative  and  drives 
the  circuit  to  saturation  thereby 
switching  the  supply  voltage  across 
the  load.  This  action  takes  place 
in  a  matter  of  microseconds,  de¬ 
pending  on  the  rise  time  of  the 
transistors. 

It  is  important  that  the  Zener 
diode  have  a  sharp  break.  Diodes 
that  break  at  about  seven  volts  are 
recommended  for  this  application. 
Resistors  R,  and  R.  form  a  voltage 
divider  and  isolating  network  for 
Q,.  Resistor  R,  is  a  current  limit¬ 
ing  resistor  for  the  protection  of 
Q,.  Resistor  R,  provides  a  relatively 
low  impedance  from  base  to  B  -i-  of 


Q...  for  stabilizing  purposes.  Diode 
D.  offers  high  impedance  from 
emitter  to  ground  of  Qj  w’hen  Qj  is 
not  conducting.  This  protects  the 
transistor  against  thermal  run-' 
away  at  high  ambient  tempera¬ 
tures.  Once  the  circuit  trips,  Dj 
becomes  a  low’  impedance  and  offers 
little  inverse  feedback. 

The  circuit  shown  in  Fig.  2  per¬ 
forms  as  a  push-pull  relay  capable 
of  switching  4  amperes  at  28  volts. 
A  single  1N437  silicon  Zener  diode 
serves  both  sides  of  the  circuit  pro¬ 
ducing  better  balance  than  if  sepa¬ 
rate  diodes  were  used.  The  H-5 
transistors  switch  approximately 
0.5  ampere  to  drive  the  XH-25 
transistors  to  4  amperes  output. 
The  diodes  across  the  output  are 
used  with  inductive  loads  to  pro¬ 
tect  the  transistors  from  inductive 
spike.s.  The  diode  common  to  the 
emitters  of  the  output  transistors 
is  for  stabilizing  purposes  at  high 
ambient  temperatures.  System  rise 
time  is  about  50  fisec  compared  to 
several  millisec  delay  time  for  me¬ 
chanical  relays. 
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FIG.  1 — Silicon  transistors  and  diodes  ensure  reliable  operation  in  extreme  temperatures. 
Maximum  coarse  and  line  signal  input  is  26  volts  rms  at  400  cps.  Voltage  gain  of  coarse 
amplifier  Qt  is  about  25  and  that  of  feedback  omplifier  Q..  Qs.  Qt  ond  Qr,  is  460 


Tronsistorised  servo  amplifier  con  be 
held  in  palm  of  hand.  Amplifier  contains 
five  transistors  and  four  Zener  diodes 


Direct  Drive  Amplifier 


Two-speed  transistorized  servo  Ideally,  the  gain  from  both  coarse 
amplifiers  are  constantly  in-  and  fine  inputs  should  be  constant 
creasing  in  usage.  The  system  de-  to  maintain  constant  system  gain, 
scribed  consists  of  an  input  switch-  This  is  accomplished  by  inserting 
ing  circuit,  which  selects  the  proper  an  amplifier  between  the  coarse  in¬ 
signal  with  respect  to  the  mechan-  put  and  the  main  amplifier,  since 
ical  error,  and  a  three-stage  feed-  the  fine  input  is  geared  up  and  thus 

back  amplifier  capable  of  directly  has  higher  loop  gain.  Since  the  fine 

driving  a  standard  size-11  motor,  signal  is  attenuated  to  0.57  of  its 
Coarse  and  fine  inputs  are  de-  original  value  by  a  resistance  di- 
signe'd  for  maximum  signals  of  26  vider,  gain  needed  in  the  coarse  am- 
volts  rms  at  400  cps  and  both  have  plifier  is  roughly  0.57  times  45. 
an  impedance  of  at  least  10,000  Actual  switching  of  signals  is  ac- 
ohms.  Voltage  gain  from  the  fine  complished  by  Zener  voltage  refer- 

input  is  adjustable  from  0  to  about  ence  diodes  D,  and  D,  (Fig.  1)  con- 

460  at  400  cps.  The  input  switch-  nected  back-to-back  in  series  with 
ing  circuits  are  designed  for  a  gear  the  output  of  the  coarse  amplifier, 
ratio  of  45  to  1  between  the  coarse  The  inputs  should  switch  when 
and  fine  synchros.  However,  rede-  the  coarse  voltage  is  about  0.2  volts 
sign  for  other  ratios  is  possible,  rms.  This  represents  5  volts  rms  at 
A  complete  servo  amplifier  circuit  the  amplifier  output,  so  the  6-volt 
is  shown  in  Fig.  1.  Gain  character¬ 
istics  are  as  in  Figs.  2  and  3. 

Input  Switching  Amplifier 

Figure  4  illustrates  the  relative 
phase  of  the  coarse  and  fine  inputs 
at  the  time  of  switching.  The  two 
voltages  shown  are  the  magnitudes 
of  the  400-cps  outputs  of  two  con¬ 
trol  transformers  as  the  two-speed 
system  approaches  a  null.  Switch¬ 
ing  must  occur  to  the  left  of  point  A 
to  prevent  a  180-deg  ambiguity  in 
the  null  position. 


diodes,  TI  652C5,  should  perform 
satisfactorily. 

After  switching  to  the  coarse 
input,  the  fine  signal  must  have  as 
little  influence  as  possible.  Since 
transistors  operate  with  relatively 
low  maximum  collector  voltages, 
their  maximum  rms  output  is  se¬ 
verely  limited.  A  TI  952  was  chosen 
as  coarse  amplifier  Q,  for  operation 
with  the  +70-V  d-c  supply  to  obtain 
optimum  output.  Limiting  of  the 
fine  signal  was  necessary  to  reduce 
mixing  effects  at  the  main  ampli¬ 
fier. 

Two  Zener  diodes  D,  and  D,  are 
used  as  clippers  at  the  fine  input, 
and  the  limiting  voltage  is  arranged 
so  that  the  coarse  input  takes  con¬ 
trol  before  limiting  of  the  fine  sig¬ 
nal  begins.  This  preserves  linearity 
at  small  error  angles. 

An  unbypassed  variable  resist¬ 
ance  in  the  Q,  emitter  circuit  pro¬ 
vides  gain  adjustment. 


Feedback  Amplifier 

Forward  voltage  gain  of  the 
three-stage  amplifier  is  about  5,000 
and  feedback  from  the  output  to 
Qj  emitter  reduces  this  to  460. 
Large  amount  of  feedback  used 
makes  the  gain  quite  stable  over  a 
wide  range  of  temperatures  and 
with  wide  variations  in  transistor 


FINE  INPUT  IN  VOLTS  RMS 


FIG.  2 — Two-speed  serro  amplifier  volt¬ 
age  gain  characteristics 
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Five-transistor  servo  amplifier  directly  drives  standard  size- 11  motor,  elimi¬ 
nating  need  for  an  output  transformer.  Used  in  two-speed  systems,  amplifier 
contains  a  switching  circuit  and  three-stage  feedback  network.  Switching  be¬ 
tween  fine  and  coarse  signals  is  accomplished  by  Zener  diodes.  Large  amount 
of  feedback  stabilizes  voltage  gain  over  wide  temperature  range  and  broad 
transistor  parameter  variation 


By  B.  E.  ORR 

Radar  and  Data  Link  Dept.  Lockheed  Aircraft  Corporation,  Missile  Systems  Division,  Sunnyvale,  California 


For  Two-Speed  Servos 


parameters.  Figure  5  shows  gain 
variation  over  the  range  of  —20  to 
+  100  C,  with  a  nominal  gain  of 
400  at  room  temperature.  Electro¬ 
lytic  capacitors  used  in  the  proto¬ 
type  are  designed  for  an  upper 
limit  of  85  C.  Consequently,  the 
portion  of  the  gain  curve  above  that 
temperature  represents  only  what 
would  happen  if  the  amplifier  were 
subjected  to  high  temperatures  ac¬ 
cidentally. 

Sufficient  voltage  derating  of  the 
capacitors  allows  the  extreme  tem¬ 
perature  to  exist  for  several  hours 
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FIG.  3— Two-«p«ed  servo  amplifier  volt¬ 
age  gain-frequency  characteristics. 


fig.  4 — Phase  error  voltage  relationship 
between  coarse  and  fine  signals  in  the 
t^o-speed  servo  system.  Switching  be¬ 
tween  two  signals  should  occur  to  the 
left  of  point  A 


if  necessary  without  impairing 
the  voltage  gain  of  the  ampli¬ 
fier.  Higher-temperature  electro- 
lytics  now  becoming  available 
promise  a  substantial  increase  in 
the  maximum  temperature  rating. 
Dissipation  of  all  transistors  in  the 
circuit  is  sufficiently  low  to  allow 
operation  at  up  to  100  C. 

The  two  voltage  amplifier  stages 
Qt  and  Q,  are  conventional.  Diode 
Di  at  the  base  of  Qt  is  necessary  to 
prevent  the  base  voltage  from  re¬ 
versing  at  high  input  signal  levels. 
High-frequency  oscillations  are 
eliminated  by  capacitor  C,  from  col¬ 
lector  to  base  of  Q,.  Collector  supply 
for  Qt  and  Q,  is  obtained  from  a 
voltage-divider  network  that  sup¬ 
plies  about  25  V  d-c. 

Maximum  rms  voltage  developed 
at  the  motor  is  limited  by  the 
120-v  peak  collector  voltage  rating 
of  the  970.  For  the  push-pull  am¬ 
plifier,  the  peak-to-peak  load  voltage 
is  200  to  230  V,  or  78  to  82  v  rms. 
This  value  is  exceeded  somewhat  in 
the  actual  amplifier  because  of  mo- 
tor-load  tuning.  An  actual  rms 
voltage  of  100  to  110  v  is  normally 
developed  at  the  motor  under  no- 
load  conditions.  Choice  of  collector 
supply  voltage  was  also  based  on 
the  970  peak  voltage  rating  since 
each  collector  swings  above  and  be- 
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FIG..5 — Two-tp«ed  ••rvo  ompllfiar  volt¬ 
age  gain-temperature  characteristics.  Gain 
at  room  temperoture  is  about  400 


low  the  supply  voltage  by  an  equal 
amount  due  to  the  balanced  load. 

A  nominal  supply  of  70  v  d-c  pre¬ 
vents  large  excursions  of  the  col- 
lector-to-base  voltage  into  the 
Zener  region  where  the  dissipation 
per  cycle  would  be  high.  Resistors 
/?,  and  R..  furnish  a  small  positive 
bias  of  about  0.7  v  d-c  for  the  base 
circuit  of  the  970.  This  bias  pre¬ 
vents  crossover  distortion  in  the 
class-B  amplifier  and  considerably 
increases  voltage  gain  over  the 
zero-bias  condition.  Type  970  tran¬ 
sistors  used  should  have  beta  values 
within  ±20  percent  of  each  other, 
measured  at  20  ma  collector  cur¬ 
rent,  for  proper  circuit  operation. 
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F-M  Excitei  for  Sight 
or  Scatter  Systems 

Capable  of  operation  in  either  a  tropospheric  scatter  system  or  standard  uhf 
line-of-sight  communication  systems,  exciter  accepts  multichannel  output  of 
the  telephone  terminal  equipment  as  a  modulating  signal  and  produces  an 
output  power  of  15  w  from  700  to  1,200  me  and  8  w  from  1,700  to  2,400  me. 

Unit  handles  132  voice  channels  in  addition  to  order-wire  system 

By  A.  E.  ANDERSON  and  H.  D.  HERN  Research  and  Development,  Collins  Radio  Co.,  Cedar  Rapids,  Iowa 


INCREASING  DEMAND  for  high  qual¬ 
ity,  long  distance  communica¬ 
tion  systems  has  necessitated  the 
development  of  reliable,  high-per¬ 
formance  radio  equipment.  From 
the  standpoint  of  system  simplicity, 
flexibility  and  economy,  uhf  radio 
equipment  applicable  to  both  line- 
of-sight  and  scatter  systems  is 
highly  advantageous.  Interchange- 
ability  has  special  significance  in 
satisfying  the  ever  increasing  lo¬ 
gistic  demands  of  the  military  or¬ 
ganizations. 

The  uhf  exciter  to  be  described 
is  applicable  in  either  line-of-sight 


or  scatter  systems  and  has  a  mini¬ 
mum  power  output  of  15  w  from 
700  to  1,200  me  or  8  w  from  1,700 
to  2,400  me.  It  can  be  used  either 
to  provide  excitation  for  a  scatter- 
system  power  amplifier,  or  as  a 
line-of-sight  transmitter. 

Frequency  stability,  noise  and 
distortion  level,  frequency  response, 
channel  capacity,  frequency  cover¬ 
age  and  power  output  are  necessary 
considerations  of  the  system  in 
which  the  equipment  is  to  be  used. 
Since  requirements  vary  from  sys¬ 
tem  to  system,  it  is  necessary  to 
design  for  the  most  stringent  an¬ 


ticipated  conditions.  In  addition, 
reliability  and  service  life,  stability 
of  tuning  adjustments,  ease  of 
maintenance  and  simplicity  of  op¬ 
eration  are  desired. 

Exciter  Description 

A  general  block  diagram  of  the 
exciter  is  shown  in  Fig.  1.  Func¬ 
tionally,  it  consists  of  four  main 
units  in  addition  to  power  supplies, 
switch  panels  and  other  accessory 
items. 

The  modulating  input  signal  is 
separated  into  order-wire  and  mul¬ 
tiplex  spectra.  The  multiplex  spec- 


FIG.  1 — Exciter  consists  oi  four  blocks 
plu%  power  supplies,  switching  panels 
and  accessories 


FIG.  2 — Frequency-doubled  corrier  con¬ 
trols  a  linear  time  base  in  the  modulator 

FIG.  3 — Modulator  outputs  feed  r-f  units 
which  cover  700-1.000-mc  band  (A)  and 
850-1,200-mc  and  1.700-2,400-mc  bonds  (B) 


IN  OPERATION 


(A) 


(B) 
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Author*  operato  f-in  oxcitor  In  laboratory  test  to  determine  iust 
how  it  iuliills  deeign  expectations 


Dust  covers  are  removed  irom  exciter  and  two  chassis  are 
hinged  out  to  show  cabling  and  air  connections 


trum,  consisting  of  the  combined 
multichannel  output  of  the  tele¬ 
phone  terminal  equipment,  starts  as 
low  as  4  kc  and  extends  to  an  upper 
limit  determined  by  the  voice-chan¬ 
nel  capacity.  The  order  wire  con¬ 
sists  of  a  voice  service  channel  ex¬ 
tending  from  250  cps  to  4  kc. 

When  the  multiplex  band  starts 
at  12  kc  or  higher,  the  band  from 
4  kc  to  12  kc  is  utilized  in  the 
order-wire  circuit  as  a  telemeter 
channel  for  special  signaling,  tele¬ 
type  or  other  desired  service. 

Modulator  Unit 

To  obtain  f-m  characteristics  a 
correcting  network  whose  output  is 
inversely  proportional  to  frequency 
must  precede  the  phase  modulator. 
The  voltage  level  as  a  function  of 
frequency  then  decreases  at  the 
rate  of  6  db/octave  at  the  modula¬ 
tor  terminals.  Thus,  the  voltage 
difference  between  a  250-cps  signal 
and  a  512-kc  signal  is  66  db. 

Since  a  single-phase  modulator 
capable  of  handling  eleven  octaves 
of  corrected  modulation  signal  with 
extremely  low  distortion  compared 
to  the  highest  frequency  signal 
level  is  impractical,  the  modulating 
spectrum  is  separated  and  two 


phase  modulators  are  used  in  cas¬ 
cade.  Furthermore  a  simple  order- 
wire  modulator  can  be  used  as  the 
distortion  requirement  on  the  order- 
wire  circuit  is  generally  much  less 
than  on  the  multiplex. 

In  most  f-m  systems  some  pre¬ 
emphasis  is  used  at  the  transmitter 


FIG.  4 — Additional  irequency-doubler  cir¬ 
cuit  in  uhf  unit  handles  1,700-2.400-mc 
band  oi  the  exciter 


together  with  a  companion  deem¬ 
phasis  network  in  the  receiver.  This 
partially  compensates  the  noise 
characteristics  of  an  f-m  receiver 
and  permits  a  nearly  equal  signal- 
to-noise  ratio  in  each  channel.  Al¬ 
though  the  preemphasis  reduces  the 
signal-level  difference  between  the 
high  and  low  modulating  frequen¬ 
cies,  it  is  not  sufficient  to  warrant 
use  of  a  single  modulator  for  high 
channel  capacity  systems. 


A  1.5-mc  stable  carrier  is  gen¬ 
erated  in  the  modulator  of  Fig.  2 
and  coupled  to  the  conventional 
transconductance  order-wire  modu¬ 
lator  and  a  factor-of-5  frequency 
multiplier.  The  phase-modulated 
output  doubles  in  frequency  and 
controls  a  linear  time-base  circuit. 
A  diode  instantaneously  compares 
the  multiplex  signal  level  to  the 
linear  time  base.  At  the  instants  of 
equality,  the  comparator  produces 
an  abrupt  change  in  both  wave¬ 
forms. 

Two  cascaded  differentiators  pro¬ 
duce  a  narrow  pulse  whose  position 
with  time  is  proportional  to  the 
modulating  waveform.  The  pulses 
control  an  amplifier  whose  output 
circuit  selects  a  1.2-mc  band  cen¬ 
tered  at  6  me.  The  bandwidth  is 


TABLE  I  —  Typical  Operating 
on  700-1,200  MC  UHF  Unit 


Stage 

Ampli¬ 

fier 

Trip- 

ler 

Doub¬ 

ler 

R-f  input  power 

0.2  w 

2  w 

2.5  w 

R-f  output  power 

2  w 

2.5w 

15  w 

Plate  current .... 

25  ma 

50  ma 

60  ma 

Plate  voltage.  .  . . 

275  V 

850  V 

850  V 

Bandwidth . 

2  me 

3  me 

1  6  me 
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CloMup  o<  uhf  unit  shows  amplifier,  tripler  and  doubler  stages. 
CaTities  ore  partially  disassembled  to  show  inner  parts 


Serrice  channel  portion  of  lerel  panel  with  telephone  handset 
indicates  simplified  modular  construction 


sufficient  since  the  modulation  in¬ 
dex  is  low  and  the  energy  in  side¬ 
bands  beyond  this  range  is  negli¬ 
gible. 

If  the  modulator  fails  in  an  in¬ 
stallation  having  no  standby,  a  sec¬ 
tion  of  the  modulator  unit  can  be 
bypassed,  maintaining  communica¬ 
tions  on  the  order-wire  circuit. 

R-F  Units 

A  block  diagram  of  the  r-f  units 
used  to  cover  the  700-1,000,  850- 
1,200  and  1,700-2,400-mc  bands  is 
shown  in  Fig.  3.  In  the  low-fre¬ 
quency  unit  of  Fig.  3A  a  4.5-mc 
signal  is  derived  by  using  both  out¬ 
puts  from  the  modulator  unit  and 
the  700-1,000-mc  band  is  covered 
without  objectionable  spurious  sig¬ 
nals  at  the  sum  mixer  output.  Crys¬ 
tal  ffequencies  in  the  r-f  units  are 
selected  to  obtain  the  desired  final 
carrier  frequency,  thereby  allowing 
the  modulator  crystal  oscillator  to 
be  continuously  operated  at  1.5  me. 
Common  modulator  and  frequency- 
control  circuits  are  required  for 
obtaining  coherent  signals  at  two 
high-power  transmitters.  This  is 
accomplished  by  bridging  the  two 
exciters  at  the  parallel  operation 
jacks  and  removing  the  oscillator 
crystal  from  either  of  the  r-f  units. 

UHF  Units 

An  amplifier,  tripler  and  first 
doubler  shown  in  the  block  diagram 
of  the  uhf  units  of  Fig.  4  are  used 
in  all  frequency  bands.  A  second 
frequency  doubler  provides  the 
1,700-2,400-mc  band  output.  The 
frequency  multiplier  stages  consist 
of  2C39B  ceramic  triodes  in  coaxial 


resonators  capable  of  continuously 
tuning  to  slightly  less  than  a  two 
to  one  frequency  range. 

Final  carrier  frequency  is  ob¬ 
tained  in  the  uhf  crystal-controlled 
f-m  exciter  of  Fig.  1  by  first  het¬ 
erodyning  and  then  multiplying  to 
the  final  frequency.  The  main  ad¬ 
vantage  of  this  method  is  that  full 
bandwidth  is  needed  only  at  the 
output  of  the  last  multiplier. 

The  first  stage  of  the  700-1,200- 
mc  uhf  unit  shown  in  Fig.  5  is  a 
grounded-grid  amplifier.  The  plate 
is  tuned  by  a  one-turn  inductor  in 
conjunction  with  a  3-18.7-/x/tif  vari¬ 
able  capacitor.  The  second  stage 
operates  as  a  common-grid  tripler 
and  its  plate  is  tuned  with  a  coaxial 
resonator  operating  in  the  1/4- 
wavelength  mode.  A  lumped-con¬ 
stant  section  matches  the  coaxial 
circuit  to  the  cathode  of  the  doubler 
stage.  The  plate  circuit  of  the  dou¬ 
bler  is  tuned  by  a  coaxial  structure 


operating  in  the  1 /4-wavelength 
mode. 

Since  air  cooling  of  the  doubler 
and  tripler  stages  is  required,  and 
the  plate  cooling  fins  extend  from 
the  cavity,  the  plates  should  be  op¬ 
erated  at  d-c  ground  potential.  The 
cathodes  are  at  high  negative  po¬ 
tential. 

Typical  operating  data  of  the 
unit  is  given  in  Table  I. 

The  output  power  on  all  bands 
is  continuously  monitored  by  a  re¬ 
sistive-loop  directional  coupler.  A 
small  portion  of  the  output  energy, 
20  db  below  main-line  power,  is 
coupled  out  to  obtain  information 
for  such  functions  as  automatic 
switchover. 

Level  Panel 

Figure  6  is  a  simplified  block  dia¬ 
gram  of  the  level  panel.  The  im¬ 
pedance  matching  network  in  the 
multiplex  section  provides  connec- 


FIG.  5 — Common-grid  Toltage  tripler  and  voltage  doubler  oi  uhi  unit  are  tuned  with 
coaxial  resonators.  Input  coil  for  r-f  has  five  turns  of  number  20  wire  with  0.2S-in.  diometer 
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tion  for  135/600  ohms  balanced  or 
single  ended.  The  vtvm  monitors 
the  multiplex  or  order-wire  circuit 
over  a  range  of  levels  from  —40 
dbm  to  -t-10  dbm. 

A  party  line  feature  on  the  serv¬ 
ice  channel  allows  voice  exchange 
from  a  link  station.  A  3.2-kc  call¬ 
ing  oscillator  is  used  for  service 
where  external  ringing  is  not  de¬ 
sired.  A  4-kc  crystal-controlled  os¬ 
cillator  is  included  for  system  con¬ 
tinuity  testing. 

Exciter  Performance 

Transmission  quality  of  a  multi¬ 
channel  voice-communication  sys¬ 
tem  is  normally  expressed  as  a  slg- 
nal-to-interference  ratio  measured 
in  each  channel.  The  interference 
level  consists  of  crosstalk  products 
and  noise  introduced  by  the  equip¬ 
ment  and  interfering  sources.  Such 
a  performance  measurement  is  gen¬ 
erally  made  at  a  standard  signal 
level  and  the  interference  level  is 
expressed  in  dba  units.  Eighty-two 
dba  is  equal  to  one  mw  of  noise 
measured  with  FI  A  weighting  and 
referenced  to  a  0  db  transmission 
level. 

Since  interference  is  generated 
in  each  portion  of  the  radio  equip¬ 
ment,  all  system  components  must 
be  considered  when  designing  a 
communication  circuit.  When  eval¬ 
uating  a  single  system  component, 
a  figure  for  system  quality  can  be 
expressed  assuming  all  other  com¬ 
ponents  to  be  theoretically  free 
from  contributing  to  the  channel 
interference  level. 

The  interference  level  in  the 
voice  channel  depends  on  the  char¬ 
acteristic  of  the  residual  modula¬ 
tion  present  on  the  transmitted 
carrier.  For  the  exciter  described 
here  the  residual  modulation  intro¬ 
duces  a  2  dba  noise  level  at  the  —9 
db  transmission  level. 

In  a  single  voice  channel  system 
a  signal  distortion  level  of  some 
10  percent  or  more  can  be  tolerated 
before  the  intelligibility  is  greatly 
impaired.  Unfortunately,  such  or¬ 
der  of  distortion  is  intolerable  in 
multichannel  systems  because  the 
high  distortion  produces  objection¬ 
able  crosstalk  between  channels. 
The  crosstalk  is  at  a  maximum 
when  the  system  is  operating  at 


the  fullest  possible  capacity. 

When  the  signals  of  many  active 
voice  channels  are  combined,  the 
composite  or  multiplexed  signal  re¬ 
sembles  random  noise.  Thus,  if  a 
measurement  of  distortion  is  made 
using  random  noise  as  the  test  sig¬ 
nal,  then  actual  multichannel  oper¬ 
ation  is  simulated. 


FIG.  6 — Party-line  ieature  on  terrice 
channel  in  ieyel  ponei  permits  voice  ex¬ 
change  between  link  stations 


FIG.  7 — Measured  modulating  response 
in  db  plotted  as  a  iunction  oi  irequency 


A  test  which  simulates  busy  con¬ 
ditions  consists  of  loading  all  but 
the  first  and  last  voice  channels 
with  uniform  noise  at  a  level  which 
produces  peak  frequency  deviation. 
Comparing  the  levels  obtained  in 
the  first  and  last  channels  to  any 
loaded-channel  level  results  in  a 
measure  of  distortion  at  the  re¬ 
ceiver  demodulated  output  w'hich 
can  be  expressed  in  terms  of  an 
interference  level  in  the  channel 
with  normal  voice  loading.  For  the 
exciter  described,  this  level  is  1  dba 
at  the  —  9  db  transmission  level  for 
a  capacity  of  36  4-kc  voice  channels. 
Therefore,  the  total  interference 
level  due  to  exciter  noise  and  dis¬ 
tortion  is  4.6  dba  at  the  —  9-db 
transmission  level. 

The  maximum  channel  capacity 
of  the  exciter  is  principally  a  func¬ 


tion  of  the  frequency  response 
shown  in  Fig,  7.  The  measured 
curve  indicates  that  the  exciter  is 
capable  of  handling  at  least  132 
*  oice  channels  in  addition  to  the 
order-wire  facilities. 

Reliability  Considerations 

Despite  improvements  in  reli¬ 
ability  and  performance,  tubes  are 
still  a  primary  cause  of  equipment 
failure.  Since  high  operating  tem¬ 
perature  is  a  major  cause  of  tube . 
failure,  any  significant  reduction 
in  the  ambient  operating  tempera¬ 
ture  of  vacuum  tubes  appreciably 
improves  equipment  reliability.  To 
accomplish  this,  forced  air  cooling 
is  provided  for  all  tubes  in  the  ex¬ 
citer.  The  tubes  in  the  uhf  unit 
have  mandatory  cooling  require¬ 
ments  and  are  cooled  by  a  separate 
blower,  interlocked  for  tube  protec¬ 
tion  in  case  of  blower  failure.  All 
remaining  tubes  are  cooled  by  the 
rack  blower  and  air  duct. 

Each  unit  has  a  plenum  chamber 
that  automatically  couples  to  the  air 
duct.  Pressure  in  the  plenum  cham¬ 
ber  then  forces  air  through  the 
special  air-cooling  tube  sockets  and 
out  between  the  tube  and  tube 
shield,  thereby  eliminating  the  dead 
air  pocket  normally  existing  be¬ 
tween  tube  and  shield.  In  addition, 
corrugated  shield  and  base  liners 
conduct  heat  from  the  tube  to  the 
shield,  and  black  shields  increase 
heat  radiation. 

An  indication  of  the  effectiveness 
of  the  cooling  system  is  the  145- 
deg.  reduction  in  bulb  hot  spot 
when  operating  at  maximum  dis¬ 
sipation  with  the  air  socket,  radiat¬ 
ing  shield  and  liner.  To  further 
increase  tube  reliability,  all  tubes 
are  operated  at  less  than  70  percent 
of  rated  cathode  current. 

Built-in  test  equipment  facili¬ 
tates  maintenance  and  operational 
checks,  and  permits  a  complete 
tuneup  on  frequency  by  monitoring 
plate  and  grid  current  of  all  stages 
in  the  uhf  unit,  r-f  power  output, 
d-c  power  supplies  and  modulator 
signal  levels.  The  units  are  hinged, 
permitting  them  to  swing  out  for 
easy  access  to  the  rear  of  the 
chassis.  An  articulated  hinge  pre¬ 
vents  interference  with  equipment 
mounted  in  an  adjacent  rack. 
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Magnetometer  Makes 


Front  panel  include*  Tariable  control*,  meter  and  connection*  for  optional  derice*  (left)  Sen*inq  probe*  (right)  include  ba*ic  unmounted 
element  (A).  10-gau**  uncooled  model  (B),  lOO-gau**  conyection-cooled  version  (C)  and  SOO-gou**  conduction-cooled  unit  (D) 


Developed  for  use  in  an  electron  cyclotron,  instrument  monitors  mag¬ 
netic  field  strength  continuously  with  accuracy  of  0.1  percent.  Probe  design 
varies  with  application,  one  type  employing  quadrupole  construction  for 
magnetic  isolation  and  a  heat  sink  for  cooling.  Lower  field-strength  mod¬ 
els  delete  the  heat  sink  while  higher  field-strength  forms  sacrifice  the  quad¬ 
rupole  configuration.  Electronic  system  is  closed-circuit  servo  loop,  with 
internal  r-f  excitation  to  bring  magnetic  field  to  knee  of  B-H  curve  of  probe 


Many  magnets  are  designed 
for  a  uniform  field  over  as 
large  an  area  of  the  pole  pieces  as 
possible.  Measuring  the  magnetic 
field  under  the.se  circumstances  is 
relatively  easy.  Where  the  gap  may 
be  as  small  as  0.5  in.  and  where  the 
field  must  agree  both  radially  and 
circumferentially  with  mathemati¬ 
cally  determined  values,  as  in  an 
electron  cyclotron,  magnetic  meas¬ 
urements  can  be  tedious. 

Continuous  Measurement 

The  magnetometer  described  here 
is  designed  for  continuous  magnetic 
measurements  in  such  a  cyclotron 
and  meets  requirements  of  0.1- 
percent  accuracy  in  fields  of  10  to 
100  gauss,  continuous  monitoring 
of  the  field  to  follow  automatic 
plotting  against  the  probe  posi¬ 
tion,  horizontal-position  accuracy  of 


about  0.005  in.  and  quadrupole 
probe  construction  to  minimize 
effects  of  nearby  iron. 

The  instrument  consists  of  the 
sensing  probe  to  detect  the  mag¬ 
netic  field,  and  its  associated  elec¬ 
tronic  chassis.  The  probe  is  a  small 
transformer  comprising  three  wind¬ 
ings  with  a  high-permeability  core, 
as  shown  in  Fig.  1.  The  primary 
comprises  two  outer  layers  and  four 
inner  layers,  while  four  intermedi¬ 
ate  layers  serve  as  a  secondary. 
The  mean  diameter  of  the  inner 
layers  is  approximately  l/\/2  of 
the  mean  diameter  of  the  two  outer 
layers.  Thus  the  area  of  the  inner 
winding  is  about  the  same  as  that 
between  the  outer  and  inner  wind¬ 
ings. 

When  the  two  windings  are  con¬ 
nected  so  that  current  in  them  flows 
in  opposite  directions,  the  primary 


acts  as  a  magnetic  quadrupole, 
causing  the  field  in  the  region 
around  the  probe  to  fall  off  much 
more  rapidly  than  it  would  with  a 
single  coil.  This  helps  isolate  the 


FIG.  1 — Mechanical  and  electrical  de¬ 
tail*  of  *ensing  probe  conetruction.  The 
primary  acts  as  a  magnetic  quadrupole 
when  current  flows  in  opposite  directions 
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s 


Top  chatib  tIow  shows  standard  component  used  in  the  con¬ 
struction  oi  the  magnetometer 


Use  oi  common  chassis  requires  shielding  between  tOTeroI  ele¬ 
ments  to  preyent  interaction 


Continuous  Measurements 


probe  from  nearby  magnetic  mate¬ 
rials,  but  alsb  reduces  the  total  am¬ 
pere-turns  acting  on  the  core  to 
0.33  of  its  value  if  the  windings 
were  connected  series-aiding. 

Operation 

In  operation  there  is  a  small  r-f 
current  and  a  relatively  large 
amount  of  d-c  flowing  in  the  pri¬ 
mary.  Since  the  effective  ampere 
turns  of  the  primary  determines 
the  maximum  range  of  the  instru¬ 
ment,  this  figure  should  be  as  large 
as  possible. 

The  relatively  small  size  of  the 
coil  imposes  an  arbitrary  limit  of 
300  ma,  with  the  I'-R  loss  conducted 
to  a  heat  sink  surrounding  the 
coil.  At  this  current  the  plastic 
core  approaches  softening  tempera- 


1*16.  2 — Excitation  level  and  magnetic 
characierUtict  oi  core  cause  secondary 
voltage  to  be  rich  in  odd  harmonics 


ture  and  the  maximum  measurable 
field  is  about  100  gauss. 

One  form  of  probe  has  fins  for 
convection  cooling  of  the  heat  sink. 
Another,  designed  for  measurement 
of  the  earth’s  magnetic  field,  has  a 
maximum  rating  of  10  gauss  or 
30  ma  and  no  heat  sink  is  necessary. 
Still  another  version  of  the  probe 
sacrifices  the  quadrupole  construc¬ 
tion  to  obtain  a  300-gauss  max¬ 
imum.  This  probe  is  used  in  a  vac¬ 
uum  and  has  a  conduction-cooled 
heat  sink. 

The  magnetization  curve  of  the 
core  is  approximately  as  shown  in 
Fig.  2.  The  primary  winding  is 
excited  with  an  r-f  voltage  just 
sufficient  to  bring  the  magnetic 
field  to  the  knee  of  the  curve.  The 
voltage  induced  in  the  secondary  is 
rich  in  harmonics,  but  because  of 
the  symmetry  of  the  curve  they  are 
all  odd  if  there  is  no  d-c  field.  But 
a  d-c  field  as  small  as  2  millioersteds 
generates  appreciable  amounts  of 
even  harmonics. 

Probe  Response 

The  even  harmonics  are  u.sed  to 
servo  d-c  through  the  primary  in  a 
direction  that  minimizes  even-har¬ 
monic  production  and  cancels  the 
external  d-c  field  in  the  region 
around  the  core.  The  probe  re- 
.sponse  is  therefore  quite  linear, 
with  d-c  in  the  primary  propor¬ 
tional  to  the  external  field.  Becau.se 
of  the  large  length-to-cross-section 


FIG.  3 — Functions  of  magnetometer  ele¬ 
ments 


ratio  of  the  core,  the  probe  re¬ 
sponds  to  the  component  of  the 
magnetic  field  that  is  parallel  to 
the  core. 

A  functional  diagram  of  the  mag¬ 
netometer  is  shown  in  Fig.  3.  The 
number  of  components  in  the  feed¬ 
back  loop  make  it  a  difficult  one  to 
close.  The  filter  network  and  a-c 
amplifier  are  designed  to  have  a 
pha.se  shift  of  less  than  90  deg  from 
225  to  425  kc.  Since  there  are  large 
amounts  of  odd  harmonics  and  only 
a  feeble  second  harmonic  at  the 
secondary  of  the  .sensing  probe,  the 
problem  is  to  amplify  only  the  sec¬ 
ond  harmonic  without  excessive 
phase  shaft.  Bridged-T  filters  are 
used,  as  shown  in  Fig.  4,  to  ac¬ 
complish  this. 

The  amplifier  shown  in  Fig.  5  is 
designed  to  amplify  the  second- 
harmonic  signal  while  rejecting 
higher  harmonics  and  low-fre- 
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FIG.  4 — Multis«ction  bridged-T  filter  is  used  to  reduce  sensing  probe  output  to  second 
harmonic  alone  without  encoimtering  excessiTO  phose  shiit 


quency  noise.  This  is  accomplished 
by  a  circuit  tuned  to  the  second 
harmonic,  with  the  Q  restricted  to 
about  ten  to  avoid  excessive  phase, 
shift. 

The  fourth  stage  is  used  as  a 
phase  detector  as  well  as  a  d-c  am¬ 
plifier.  Its  plate  voltage  consists  of 
a  sinusoidal  signal  at  twice  the 
oscillator  frequency  with  300  v  peak 
amplitude.  This  voltage  can  be  ad¬ 
justed  in  or  out  of  phase  with  the 
second-harmonic  signal  coming 
from  the  sensing  probe. 

The  tube  acts  as  a  shunt  rectifier 
and  develops  a  negative  d-c  plate 
voltage  which  is  dependent  on  the 
second-harmonic  grid  signal.  The 
cathode  bias  is  adjusted  so  that  —35 
V  is  developed  at  the  plate  with  no 
grid  signal.  With  the  grid  signal  in 
phase  the  tube  conducts  more 


heavily  and  the  rectified  plate  volt¬ 
age  becomes  less  negative.  Con¬ 
versely,  with  an  out-of -phase  signal 
the  plate  voltage  becomes  more 
negative. 

Regulator  Tubes 

The  rectified  plate  voltage  is  ap¬ 
plied  to  the  grids  of  four  6L6  tubes 
in  parallel,  which  serve  as  a  series 
regulator  to  control  bias  current  in 
the  search  coil.  A  bridged-T  filter 
tuned  to  the  second-harmonic  is 
necessary  at  this  point  to  attenuate 
the  a-c  signal  applied  to  the  ampli¬ 
fier  plate.  A  shunt  capacitor  to¬ 
gether  with  the  source  impedance 
of  the  rectifier  serves  both  as  filter 
and  as  the  time  constant  on  which 
the  servo  loop  is  closed.  It  provides 
a  phase  shift  of  6  db/octave  to 
100  kc,  under  circumstances  where 


the  loop  gain  is  less  than  unity. 

The  total  range  of  voltage  on  the 
6L6  grids  can  vary  from  0  to  100  v, 
which  allows  them  to  control  bias 
current  from  300  down  to  a  few  ma. 
As  these  tubes  approach  cutoff  their 
transconductance  becomes  less  and 
less. 

Maintaining  Gain 

Normally  the  loop  gain  of  the 
magnetometer  would  also  become 
lower,  until  at  some  current  the  ac¬ 
curacy  would  be  less  than  required. 
To  avoid  this  the  cathodes  are 
biased  to  a  negative  supply  so  that 
10  ma  of  current  is  diverted  around 
the  search  coil  at  all  times.  Thus 
with  no  current  in  the  bias  winding, 
corresponding  to  zero  field,  the 
tubes  still  have  considerable  gain. 

Three  shunts  are  provided  to 
monitor  the  current  through  the 
bias  winding.  One  is  for  a  1-per¬ 
cent  front-panel  meter  and  the  other 
two  have  0.1-percent  accuracy  for 
use  with  an  external  pen-type  re¬ 
corder. 

The  magnetometer  has  proved 
quite  reliable  and,  when  carefully 
adjusted,  is  capable  of  giving  ac¬ 
curacies  within  a  few  millioersteds 
throughout  its  range.  Even  when  it 
is  not  carefully  adjusted,  the  in¬ 
strument  measures  accurately  to  0.1 
percent  on  the  100-gauss  range, 
which  is  satisfactory  for  many  ap¬ 
plications. 


F1G<  &— Circuit  details  of  the  a*c  amplifier,  phase  detector  and  d-c  amplifier  elements  oi  the  magnetometer  system 
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FIG.  1 — EquiTalent  circuits  for  piezo«Iec> 
trie  crystal.  E-R  Tersion  iormulas  ior  (A) 
to  (B)  are  giyen  in  article 


FIG.  2 — Basic  crystal  circuit  (A),  lower 
impedance  Tersion  (B)  ond  its  use  with 
tuned  circuit 


FIG.  3 — Crystal  circuit  response  when 
paralled  by  resistor  (A)  and  with  £i  or 
Cl  misadiusted 


Stable  Crystal  Filter 
Is  Parallel  Resonant 


High-Q,  unbalanced  crystal  circuit  has  properties  similar  to  low  L/C-ratio 
parallel-tuned  circuit  over  appreciable  frequency  range.  Ease  of  circuit  design 
and  adjustment  makes  it  readily  adaptable  for  use  in  f-m  oscillators,  signal 
generators,  i-f  amplifiers  and  variable-bandwidth  filters 


By  J.  CARL  SEDDON  Kocket  Sonde  Branch,  Atmosphere  and  Astrophysics  Division, 
U.  S.  Naval  Research  L.aboratory,  Washington,  D.  C. 


Electronic  q-multiplier  cir¬ 
cuits  for  improving  the  Q  of 
parallel-tuned  circuits  have  been 
described  in  the  literature''  *'  *  for 
frequencies  of  0.5  me  or  less.  Cas¬ 
cading  of  such  circuits  is  imprac¬ 
tical  because  Q-multiplication  does 
not  improve  the  frequency  stability. 
Crystal  circuits,  which  have  both  Q 
and  stability,  have  the  disadvan¬ 
tages  that  they  are  usually  balanced, 
are  tedious  to  design  and  are  not 
readily  adapted  to  variable  band¬ 
width. 

The  crystal  circuit  described  here 
is  stable,  unbalanced  and  easy  to 
design  and  adjust.  It  was  devised 
to  improve  the  selectivity  of  radio 
receivers  used  in  radio  propagation 
studies  using  rockets. 

Signals  approaching  the  millivolt 
level  would  sometimes  be  present 
within  2  or  3  kc  of  the  weak  signal 


received  from  the  rocket.  Although 
the  permissible  bandwidth  of  the 
system  was  only  0.5  kc,  more  than 
one  stage  of  selectivity  was  required 
to  eliminate  such  competition.  In 
addition,  as  considerable  testing 
was  necessary  before  the  rocket 
firing,  it  was  desirable  to  have  the 
bandwidth  variable,  as  signal  gen¬ 
erators  can  drift  out  of  a  0.5-kc 
band  when  operating  near  10  me. 

The  circuit  was  incorporated  into 
the  receiver’s  local  oscillator  where 
a  stable  frequency,  which  could  be 
varied  over  a  narrow  range  of  fre¬ 
quencies,  was  desired. 

Crystal  Circuit  Theory 

Figure  lA  shows  the  conven¬ 
tional  equivalent  electrical  circuit 
for  a  piezoelectric  crystal. 

Figure  IB  shows  another  equiv¬ 
alent  circuit  w’hich  makes  the  be¬ 


havior  somewhat  easier  to  visualize. 
Although  it  is  not  rigorously  cor¬ 
rect  to  do  so,  La,  Cl  and  r,  can  be 
assumed  to  be  constants  in  prac¬ 
tical  design  problems.  The  conver¬ 
sion  formulas  for  Fig.  IB  are 


r.  =  r,  -I-  r,  ^  c, 


(1%) 


(lb) 


c.  =  - 


r,(c.  -I-  Cl) 


c. 


Fig.  IB  can  be  converted  into  a 
parallel-resonant  circuit  at  one  fre¬ 
quency  by  adding  a  coil  L,  in  series 
with  the  crystal,  of  such  a  magni¬ 
tude  that  it  will  series  resonate  with 
C„  the  capacitance  of  the  crystal 
in  its  holder  and  socket.  This  ca- 
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pacitance  can  be  measured  easily  by 
using  a  Q  meter  or  bridge  at  a  fre¬ 
quency  at  which  the  crystal  does  not 
vibrate. 

The  parallel-resonant  crystal  cir¬ 
cuit  is  shown  in  Fig.  2A.  This  cir¬ 
cuit  will  be  referred  to  hereafter  as 
the  crystal  circuit.  The  impedance 
of  the  circuit  may  be  reduced  by 
adding  an  additional  capacitor  aC, 
as  shown  in  Fig.  2B. 

At  a  frequency  /  near  the  par¬ 
allel-resonant  frequency  /,  the  im¬ 
pedance  is  approximately 

+  (2) 

where  8  =  f/f,  —  1  is  the  percent¬ 
age  of  frequency  deviation  from 
resonance  and  ri  is  the  resistance 
of  coil  L,. 

For  small  values  of  8,  the  first 
two  terms  of  Eq.  2  are  of  small  sig¬ 
nificance  and  the  response  is  essen¬ 
tially  that  of  a  parallel-tuned  cir¬ 
cuit.  For  frequencies  far  from 
resonance,  the  response  is  that  of  a 
series-resonant  circuit. 

Minimum  Z  is  obtained  when  the 
reactance  is  zero;  this  occurs  at  a 
value 

.  (3) 

Circuit  Response 

There  is  a  minimum  resistance  of 
r,  at  a  frequency  difference  of  8„/, 
cycles  each  side  of  resonance.  The 
response  of  the  circuit  follows  the 
universal  resonance  curve  closely 
until  the  impedance  has  decreased 
to  a  value  comparable  with  r,.  This 
usually  occurs  at  a  value  of  not  less 
than  90  percent  of  8...  For  larger 
values  of  8  the  impedance  increases 
slowly. 

Ratio  Cl/Cl  is  important  as  it  is 
nearly  equal  to  the  square  of  the 
coefficient  of  electromechanical  cou¬ 
pling.  For  a  wire-mounted  plated 
AT-cut  crystal,  the  best  ratio  that 
can  be  obtained  is  not  larger  than 
1/180.*  Where  the  capacitance  of 
the  holder  and  socket  must  be  in¬ 
cluded,  the  ratio  runs  about  1/230; 
thus  8„  =  ±3.3  percent  as  a  max¬ 
imum  for  AT-cut  crystals,  which 
compares  favorably  with  values  ob¬ 
tainable  with  magnetostriction  res¬ 
onators.  The  equivalent  circuit  is 
the  same,  except  that  inductors  and 
capacitors  are  interchanged.  For 
BT-cut  crystals,  8«  is  about  ±2 
percent. 


The  basic  circuit  can  be  paralleled 
by  a  resistor  R  or  a  tuned  L-C  cir¬ 
cuit,  as  shown  in  Fig.  2C,  to  give  a 
lower  resultant  Q  given  by 

where  Q»  is  the  crystal  Q  and  R,  is 
the  maximum  resistance  of  the 
crystal  circuit. 

Paralleling  a  tuned  L-C  circuit 
with  the  crystal  circuit  improves 
the  Q  of  the  L-C  circuit  and  reduces 
its  temperature  coefficient  mate¬ 
rially  because  the  crystal’s  C,  is 
large  and  has  an  effective  tempera¬ 
ture  coefficient  of  the  order  of  only 
a  few  parts  per  million  per  deg  C. 
The  combination  will  have  a  low 
reactance  at  all  frequencies  not  near 
/,  except  for  two  symmetrical  re¬ 
sponses  at  /,  ±  8r/,. 

The  deviation  of  these  side  re¬ 
sponses  can  be  found  from  the 
relation 


where  L,  and  Ce  are  the  values  used 
in  the  tuned  circuit.  These  side 
responses  are  not  particularly  seri¬ 
ous  in  general,  as  they  can  usually 
be  removed  by  a  following  ampli¬ 
fier  stage  having  only  the  usual  L-C 
tuned  circuit,  tuned  to  /,.  Another 
method  is  to  use  different  values 
for  Lc  in  successive  stages. 

The  resultant  bandwidth  BW  can 
be  found  by  appropriate  substitu¬ 
tions  into  Eq.  4  to  obtain 


As  Qs  is  10’’  or  more,  it  is  usually 
possible  to  ignore  the  ratio  Qk/Q,. 
If  a  crystal  is  to  be  used  whose  ratio 
Ci/C.  is  not  known,  it  may  be  cal¬ 
culated  from 

C./C2  =/p/[2(/p -/.)]  (7) 

if  /p  and  the  series  resonant  fre¬ 
quency  /.  are  measured. 

If  a  narrower  bandwidth,  BW, 
is  desired,  compute  Cj  from  Eq.  7 
and  then  from  Eq.  6  obtain  the  total 
capacitance  C/  required.  Add 
enough  capacitance  in  parallel  with 
the  crystal  to  give  this  required 
capacitance.  If  the  resultant  fre¬ 
quency  /',  is  not  quite  equal  to  the 
final  center  frequency  desired,  a 
parallel  reactive  component  may  be 
added  across  the  crystal  circuit  to 
tune  it  to  the  correct  frequency. 

Table  I  shows  the  comparison  of 
the  measured  values  of  Q*  compared 
with  those  calculated  from  Eq.  4 
using  various  resistors,  R,  in  par¬ 
allel  with  a  crystal  circuit  similar 
to  that  of  Fig.  2A.  The  crystal  used 
was  an  air-gap  type  transmitting 
crystal  with  a  C,/C,  ratio  of  2,350 
(8„  =  ±1  percent).  The  crystal 
circuit  parameters  were  f,  =  848.4 
kc,  L^  =  1.86  mh,  L,  =  0.79  ^b, 
Q,  =  129,000,  L,  =  4.4  h,  C,  = 
44,600  fi/if,  Rf  =  544,000  ohms, 
C,  =  19  iiiii,  r,  =  0.00005  ohm. 

Figure  3A  shows  the  response  of 
the  above  crystal  circuit  paralleled 
by  a  resistor;  Fig.  3B  shows  the 
effect  of  a  misadjustment  of  either 
Li  or  C,.  At  the  expense  of  a  poorer 


FIG.  4 — ^Veatoble  bandwidth  circuit  and  responaet  at  848.54-kc  center  irequency 
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response  on  one  side,  the  response 
can  be  made  quite  steep  on  the 
other  side. 

Use  in  l-F  Amplifiers 

The  crystal  circuit  may  be  ap¬ 
plied  to  i-f  amplifiers  already  built, 
but  which  are  not  sufficiently  selec¬ 
tive,  by  connecting  it  in  parallel 
with  one  or  more  of  the  L-C  cir¬ 
cuits  in  the  amplifier.  At  least  one 
L-C  circuit  should  not  be  so  par¬ 
alleled,  to  remove  the  effects  of  the 
side  responses. 

It  is  possible  to  retain  the  cen¬ 
ter-frequency  gain  within  a  few 
percent  if  the  plate  circuit  imped¬ 
ances  are  not  too  large.  Standard 
456-kc  i-f  amplifiers  have  high  plate 
impedances,  so  that  it  may  be  neces¬ 
sary  to  tap  down  on  the  inductances. 
However,  to  obtain  the  fullest  bene¬ 
fit  from  this  crystal  circuit,  the 
i-f  amplifier  should  operate  at  a 
higher  frequency  to  obtain  good 
image  rejection  and  to  make  the 
needed  component  values  easier  to 
obtain.  Five  me  has  been  found  to 
be  a  convenient  frequency  at  which 
to  operate. 

If  a  flat-topped  response  charac¬ 
teristic  is  desired,  stagger-tuning 
may  be  employed,  but  the  overall 
gain  is  reduced.  If  the  receiver 
has  double-tuned  transformers,  one 
crystal  circuit  may  be  placed  across 
the  primary  and  one  across  the 
secondary. 

If  the  impedance  of  the  trans¬ 
former  at  resonance  is  much  smaller 
than  that  of  the  crystal  circuit  at 
resonance,  the  critical  coupling  co¬ 
efficient  and  the  center-frequency 
gain  is  not  appreciably  altered ;  the 
bandwidth  is  reduced  with  the  shape 
of  the  response  curve  the  same  as 
before. 

This  method  was  tried  on  two 
amplifier  stages  with  critically  cou¬ 
pled  transformers  in  an  845-kc  am¬ 
plifier  with  a  bandwidth  of  12  kc. 
The  shape  of  the  response  curve 
was  the  same,  but  the  new  band¬ 
width  was  0.5  kc.  The  maximum 
gain  was  reduced  a  few  percent. 

Similar  bandwidth  reductions 
were  obtained  with  a  5.1-mc  ampli¬ 
fier  where  the  bandwidth  was  re¬ 
duced  from  50  kc  to  5  kc. 

Bandwidth  may  be  decreased  in 
steps  by  incorporating  a  switch  that 
increases  the  capacitance  in  parallel 
with  each  crystal  and  at  the  same 
time  reduces  L,  correspondingly. 


The  coefficient  of  coupling  of  the 
transformers  need  not  be  altered. 
This  method  will  cause  a  slight 
change  in  the  center  frequency. 

Figure  4  shows  an  arrangement 
for  securing  a  continuously  vari¬ 
able  bandwidth  over  a  4  to  1  range 
with  no  change  in  the  shape  of  the 
response  curve.  It  has  the  desirable 
features  that  the  gain  in  the  pass 
band  is  essentially  unaltered  and 
the  center  frequency  of  the  pass 
band  is  constant. 

The  crystal  circuit  was  placed  in 
the  input  circuit  of  a  cathode  fol¬ 
lower,  so  that  the  input  impedance 
was  Z,  =  Z/(l  —  A)  where  Z  is 
the  crystal  circuit  impedance  and 
A  is  the  cathode  follower  gain.  The 
input  to  the  cathode  follower  was 
connected  across  the  primary  of  an 
ordinary  double-tuned  transformer. 
Another  similar  circuit  was  placed 
across  the  secondary.  Gains  were 
kept  approximately  equal  by  the 
ganged  potentiometers.  The  re¬ 
sponses  shown  were  obtained  for 
A  =  0  and  A  =  0.75  at  a  center 
frequency  of  848.4  kc. 

Use  in  Oscillators 

The  crystal  circuit  was  connected 
across  one  tank  circuit  of  a  regen¬ 
erative  amplifier  type  of  oscillator 
to  provide  a  stable  oscillator  that 
could  be  easily  set  to  a  new  fre¬ 
quency  by  a  variable  capacitor. 

Figure  5  shows  the  frequency 
variation  obtained  with  a  100-/x/if 
capacitor  using  a  3.87-mc  crystal. 
The  dotted  lines  show  the  variation 
obtained  if  the  capacitor  across  the 
crystal  (part  of  C,)  is  either  too 
large  or  too  small,  thus  introducing 
asymmetry  in  the  crystal  circuit 
response.  The  total  variation  in  C, 
was  10  /ifif.  The  voltage  amplitude 
for  the  symmetrical  case  is  also 
shown  plotted  in  percent  of  max¬ 
imum  amplitude.  An  oscillator  was 


Table  I — Measured  and  Calcu¬ 
lated  Q  for  Various  Values  of 
Parallel  Resistors 


w 

(Ohms) 

Q 

(Mea-s.) 

Q 

(Cal.) 

Percent 

(Diff.) 

75,000 

15,400 

15,700 

2 

27,200 

6,050 

6,110 

1.5 

14,500 

3,265 

3,360 

3 

7,300 

1,740 

1,710 

1.7 

constructed  for  field  use  at  7.75  me 
which  covered  a  frequency  devia¬ 
tion  range  of  0.3  percent. 

Paralleling  the  crystal  circuit 
with  a  capacitor  results  in  r,  re¬ 
ducing  the  Q  and  consequently  the 
maximum  impedance  of  the  circuit. 
If  Xi;  is  the  reactance  of  the  added 


FIG.  5 — Perlonnance  ol  Tariable-ire- 
quency  cryatal  oscillator 


parallel  capacitor,  the  maximum 
impedance  of  the  circuit  is  in  gen¬ 
eral  reduced  by  the  same  amount  as 
though  a  resistor  of  approximately 
Ar.Vr,  ohms  were  added  in  parallel 
with  the  circuit.  Thus  there  is  a 
limit  to  how  far  the  circuit  can  be 
detuned  without  serious  loss  of  Q. 
Also,  the  temperature  coefficient  in¬ 
creases  as  the  frequency  is  tuned 
away  from 

The  high  selectivity  obtained 
with  this  circuit  is  useful  in  spec¬ 
trum  analyzers.  The  circuit  was 
also  used  in  a  standard  type  of  fre¬ 
quency  discriminator  circuit.* 

The  author  acknowledges  helpful 
discussions  with  J.  E.  Jackson. 
G.  H.  Spaid  supplied  almost  all  of 
the  data  on  the  applications. 
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Woreformi  oi  magnetic  inTerter  are 
checked  on  oscilloscope  and  eiiects  oi  bias 
Toriotions  determined 


Magnetic  Inverter  Uses 

Collector  and  emitter-coil  windings  of  the  on  transistor  of  multivibrator  are 
differentially  connected  across  input  voltage  so  that  turns  in  drive  winding 
partially  determine  frequency  of  oscillation.  Common-base  resistor  extends 
operating  range  by  limiting  base-to-emitter  drive  without  waveform  deteriora¬ 
tion.  Reliable  operation  is  obtained  without  current  bias.  Alternate  electron- 
tube  circuit  description  is  also  given  along  with  characteristics 


By  C.  H.  R.  CAMPLING  Associate  Professor,  Department  of  Electrical  Engineering,  Queen’s  University, 

Kingston,  Canada 


Transistor-magnetic  inverters 
are  finding  increasing  applica¬ 
tions  in  signal  and  power  conver¬ 
sion.  For  signal  conversion,  they 
give  results  similar  to  those  given 
by  electromechanical  vibrator  con¬ 
verters  and  for  power  conversion 
they  produce  high  voltage  from  a 
low-voltage  d-c  power  source.  Fre¬ 
quency  as  well  as  output  amplitude 
is  directly  pi'oportional  to  the  input 
voltage. 

For  power  conversion,  the  mag¬ 
netic  inverter  can  substitute  for  the 
dynamotor  type  of  rotating  ma¬ 
chine  used  in  aircraft  electrical 
systems  and  in  military  electronic 
equipment.  Chief  advantage  of  the 
magnetic  inverter  is  that  it  is  en¬ 
tirely  a  static  device  in  which  the 
switching  action  is  accomplished  by 


transistors  or  electron  tubes. 

This  article  describes  a  differ¬ 
ential  multivibrator  inverter  cir¬ 
cuit.*  Its  basic  operation  is  similar 
to  the  more  common  type  of  in¬ 
verter. 

Basic  Theory 

An  improved  version  of  the  non¬ 
differential  multivibrator  described 
by  Royer*  is  shown  in  Fig.  1.  The 
circuit  is  analogous  to  its  free- 
running  capacitor-coupled  counter¬ 
part.  In  the  latter,  the  time  interval 
during  which  either  switching  ele¬ 
ment  conducts  or  is  cut  off  depends 
upon  capacitor  charge  time.  In  the 
magnetic-coupled  multivibrator  the 
corresponding  interval  is  deter¬ 
mined  by  the  time  required  for  the 
flux  in  a  magnetic  core  to  change 


its  level.  The  core  flux  change 
extends  from  positive  to  negative 
saturation  or  vice  versa,  although 
in  other  circuit  modifications  one 
flux  level  can  be  preset  and  con¬ 
trolled.* 

In  Fig.  1  consider  transistor  Qi 
to  be  conducting.  Since  the  drop 
across  the  emitter  to  collector  ter¬ 
minals  is  small,  nearly  the  entire 
supply  voltage  Fi.  is  applied  across 
the  collector  winding  of  N,  turns. 
Polarity  of  other  induced  voltages 
is  indicated  by  winding  dots.  The 
voltage  developed  by  the  base  wind¬ 
ings  Nt  keeps  transistor  Q,  conduct¬ 
ing.  The  current-bias  source  KF* 
and  68,000-ohm  combination)  lim¬ 
its  the  base-drive  current  and 
prevents  overheating.  When  tran¬ 
sistor  Qi  is  conducting  the  voltage 
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1 — Inverter  ia  analoqous  to  free*  FIG.  2 — Diodes  oi  modified  inverter  dip  spikes  of  output  (A)  while  original  inverter 

nmning  cathode-coupled  multivibrator  spikes  appear  (B).  Scales  are  1  v  per  amplitude  division  and  0.5  miUisec  per  time  division 
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developed  across  the  collector  wind 
ings  Na  tends  to  cause  transistor 
Qa  to  conduct.  In  fact,  the  collector- 
to-emitter  voltage  for  transistor  Q, 
is  twice  the  input  voltage  Vi„.  But 
the  voltage  appearing  across  base 
windings  Ni  keeps  Qa  cut  off. 

During  this  quasisteady  state, 
the  core  flux  is  changing  over  the 
steep  unsaturated  portion  of  its 
magnetization  characteristic  and 

the  core  and  windings  can  momen¬ 
tarily  be  regarded  as  an  ideal  trans- 
^  former.  The  winding  voltages  are 
I  steady  because  the  voltage  sustain- 
I  ing  the  flux  change  in  the  core 

i  's  F,„. 

*  Core  Saturation 

Transistor  Q,  conducts  until  the 
core  saturates.  Time  of  saturation 
is  a  function  of  .V,  and  V,,  in  ac¬ 
cordance  with  Faraday’s  law  that 

d<f>/dt  =  ViJN..  When  the  core 


N,«3o 

M*=100  N. 


saturates,  the  core  and  windings 
are  no  longer  regarded  as  an  ideal 
transformer.  The  winding  voltages 
collapse  and  the  bias  source  forces 
conduction  of  one  transistor.  Fur¬ 
thermore,  the  energy  stored  in  the 
core  can  only  be  released  by  a  de¬ 
crease  in  the  flux  from  its  satura¬ 
tion  level.  Therefore,  transistor  Qt 
conducts.  The  transistors  exchange 
roles  rapidly  and  during  the  next 
half  cycle  transistor  Q,  is  cutoff. 
Evidently,  both  the  frequency  and 
the  amplitude  of  the  output  square 
wave  depend  directly  upon  F„.  The 
frequency  is  given  by  /  =  V,a/4N.,4m 
where  is  the  saturation  flux.  The 
linear  dependence  of  f  upon  F,. 
makes  the  circuit  applicable  for 
telemetering.  For  loads  of  appreci¬ 
able  magnitude,  there  is  efficient 
conversion  of  d-c  source  power  to 
square-w’ave  load  power.  Conse¬ 
quently,  inverters  can  substitute 


for  rotating  electromechanical  con¬ 
verters. 

Clipping  Diodes 

Diodes  D,  and  D,  in  Fig.  1  clip 
leading-edge  spikes  of  the  square 
wave  when  a  transistor  switches 
from  on  to  off.  The  output  wave¬ 
forms  for  the  circuit  with  and  with¬ 
out  the  diodes  are  shown  in  Fig.  2A 
and  2B.  The  spikes  should  not  be 
eliminated  by  shorting  the  bias 
source  as  F*  ensures  reliable  circuit 
oscillations  and  limits  the  on  tran¬ 
sistor  base  current  to  a  minimum 
heating  value. 

For  the  saturated  on  transistor, 
the  product  of  base  current  and 
base-to-emitter  voltage  can  exceed 
the  product  of  collector  current  and 
collector-to-emitter  voltage.* 

The  spikes  in  Fig.  2B  occur  be¬ 
cause  the  bias  source  cannot  func¬ 
tion  properly  as  a  current  source 


Tubes  or  Transistors 


Component  loyout  indicates  physical  relationship  and  relatiTe  sise  for  transistorised  inverter  (left)  and  tube  inverter  (right) 


I 


1  m 


unless  one  transistor  is  fully  con¬ 
ducting.  During  the  transition  in¬ 
terval,  the  resistance  of  the  bias 
path  is  momentarily  too  high.  The 
use  of  the  diodes  is  the  most  effec¬ 
tive  way  to  eliminate  transients  at 
all  frequencies. 

The  multivibrator  of  Fig.  1  has 
one  serious  disadvantage.  To  in¬ 
crease  the  frequency  F,„  must  be 
increased,  and  as  F,.  increases  all 
winding  voltages  including  the  base 
voltage  of  the  on  transistor  in¬ 
crease.  Excessive  base  drive  causes 
the  transistors  to  overheat. 

Neither  reducing  the  number  of 
turns  in  the  base  windings  nor 
adding  resistance  in  series  with 
these  windings  can  effectively  avert 
overheating.  If  the  base-winding 
turns  are  reduced,  the  circuit  is 
likely  to  cease  oscillation  at  low 
input  voltages.  On  the  other  hand, 
the  addition  of  series  resistance  in 
the  base  circuit  causes  the  flat  por¬ 
tions  of  the  output  waveform  to  be 
replaced  by  decay  transients. 

DUferential  Multivibrator 

Most  of  the  disadvantages  inher¬ 
ent  in  the  simple  transistor-mag¬ 
netic  inverter  are  eliminated  in  the 
differential  circuit  of  Fig.  3.  This 
circuit  oscillates  reliably  without 
the  use  of  current  bias.  Since  any 
spikes  appearing  in  the  output 
waveform  are  less  than  1/2  /isec  in 
duration,  the  clipping  diodes  are 
omitted.  If  the  spikes  are  objec¬ 
tionable,  they  can  be  eliminated  by 
connecting  small  capacitors  between 
collector  and  emitter  of  each  tran¬ 
sistor.  Furthermore,  the  common- 
base  resistor  Rg  limits  the  base-to- 
emitter  drive  without  impairing  the 
circuit  waveforms. 

With  the  circuit  in  oscillation, 
one  transistor  is  cut  off  and  the 
other  is  fully  conducting.  If  tran¬ 
sistor  Q,  is  conducting,  the  voltage 
Vi„  appears  across  N.  turns  in 


FIG.  3 — Magnetic  inTerter  with  differen¬ 
tially  connected  windings  oscillates  with¬ 
out  current  bias 


FIG.  4 — Frequency  characteristics  of 
modified  circuit  (lowest  curve)  has  com¬ 
ponents  of  Fig.  3.  Remaining  curves  for 
differential  inverter  with  Ni  as  parameter 

series  with  N,  turns,  neglecting  the 
small  collector-to-emitter  drop.  The 
series  differential  connection  of  col¬ 
lector  and  emitter  windings  pro¬ 
vides  an  emitter-to-base  drive  of 
the  correct  polarity  to  sustain  con¬ 
duction.  Similarly,  the  transformer 
voltage  across  the  N,  emitter  wind¬ 
ings  of  Q.J  is  of  the  correct  polarity 
to  keep  transistor  Q.  cut  off  despite 
its  high  collector  voltage.  Because 
of  conduction  in  transistor  Q„  the 
rate  of  change  of  flux  in  the  core  is 
d<f>/dt  =  V,„/(N.  —  N,).  Core-flux 
excursion  from  negative  to  positive 
saturation  occurs  more  quickly  than 
in  the  inverter  of  Fig.  1.  When  the 
excursion  is  complete,  the  winding 


voltages  collapse.  Transistor  Q,  is 
then  cut  off,  transistor  Q,  conducts 
for  the  next  half-cycle  and  the 
process  is  repeated.  i 

While  the  turns  in  the  emitter 
drive  windings  influence  the  oscil¬ 
lation  frequency,  it  is  possible  f 

to  prevent  transistor  overheating  | 

caused  by  excessive  drive.  Even 
high  turns  ratio  values,  compared 
with  those  required  for  the  circuit  | 

of  Fig.  1,  are  offset  by  the  insertion 
of  resistor  Rg  which  limits  the  base  * 
current  of  the  on  transistor.  The 
limiting  action  does  not  interfere 
with  the  load  components  of  cur-  ' 
rent  in  the  core  windings.  Resistor  p 
Rg  does  not  carry  these  currents. 
Furthermore,  Rg  does  not  cause  de¬ 
terioration  of  the  clean  rectangular 
output  waveform.  Finally,  its  limit¬ 
ing  action  is  effective  over  a  wide 
range  of  the  input  voltage  F,„. 

Oscillation  Frequency 

The  circuit  is  called  a  differential 
multivibrator  or  inverter  because 
of  the  differential  action  of  the  col¬ 
lector  and  emitter  windings.  Since 
the  rate  of  change  of  core  flux  is 
affected  by  the  differential  connec¬ 
tion,  the  frequency  of  oscillation  is 
too.  The  frequency  is  given  by 
f  =  F,„/[4(N,  -  The  dif¬ 

ferential  circuit  produces,  for  the 
same  set  of  components  and  the 
same  input  voltage,  a  higher  output 
frequency  than  does  the  circuit  ar¬ 
rangement  of  Fig.  1. 

Comparative  Characteristics 

The  family  of  characteristics 
shown  in  Fig.  4  indicates  the  effect 
of  varying  the  number  of  turns  N, 
in  the  feedback  or  emitter  windings 
of  the  circuit  in  Fig.  3.  The  lowest 
curve  is  obtained  with  the  same 
components  indicated  in  the  circuit 
of  Fig.  3,  but  with  the  circuit  ar¬ 
rangement  of  Fig.  1.  For  this  .set 
of  components,  in  which  the  com- 


FIG.  5 — Output  waveform  of  differential  inverter  of  Fig.  3  with  0.01  nt  capacitor  connected  between  collector  and  emitter  of 
each  troniistor  to  clip  pip.  Input  voltage  Vin  =  3  v  (A).  4.5  v  (B)  and  6  v  (O.  Each  waveform  amplitude  is  2  v  per  large  division 
and  time  scale  is  SO  sec  per  large  division 
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Table  1 — Voltages  oi  Differential  and  Nondifferential  Circuit 


Voltage 

Nondifferential 
Inverter  of 

Fig.  1 

Differential 
Inverter  of 

Fig.  3 

Peak  a-c  voltage  across  collector  windings  iVi 

Vin 

’  iV,  -  N, 

Peak  a-c  voltage  across  drive  windings  A'l 

r.. 

Nt  -  A', 

Peak  collector-to-emitter  voltage  for  off  tran¬ 
sistor 

2  Vin 

2  Vin 

Peak  a-c  load  voltage 

1/ 

AT, 

s 

1 

mon  base  resistor  is  optimized 
by  trial,  little  further  advantage 
occurs  from  the  increase  in  slope 
obtained  with  an  increase  in  N,  as 
ultimately  the  waveform  deterio¬ 
rates.  However,  the  insertion  of  re¬ 
sistors  of  the  same  magnitude  as 
Rg  in  series  with  the  bases  of  the 
transistors  in  a  circuit  like  that 
shown  in  Fig.  1  completely  alters 
the  output  waveform  at  all  fre¬ 
quencies.  Thus,  the  differential  cir¬ 
cuit  permits  the  use  of  this  simple 
self-adjusting  protective  feature 
which  operates  effectively  over  a 
wide  range  of  voltage,  frequency 
and  the  parameter  N^. 

Thermal  instability  at  the  6-v 
level  on  the  lowest  curve  in  Fig.  4 
emphasizes  the  importance  of  the 
base  resistor  in  extending  the  op¬ 
erating  range.  The  upper  curves, 
obtained  using  the  differential  cir¬ 
cuit  with  the  limiting  resistor,  rep¬ 
resent  stable  operation  at  the  6-v 
level  without  noticeable  heating  of 
the  transistors. 

Output  waveforms  for  the  dif¬ 
ferential  circuit  of  Fig.  3  are  shown 
in  Fig.  5.  The  emitter  windings 
consisted  of  20  turns  each.  The 
three  waveforms  correspond  to  F|„ 


Ni = 30 

Ni.=50  •  K*XI,000 

N2=ioo 

Y6N7 

V| 

•56N7 

Ve 

FIG.  6 — Diiferential  electron  tube  inTerter 
gives  best  results  when  separate  grid  re¬ 
sistors  ore  used 


FIG.  7 — Frequency  choracteristics  for 
electron-tube  inverter  using  separate 
half-tubes  A  and  a  single  common 
cathode  without  grid  resistors  B 


equal  to  3,  4.5  and  6  v  respectively. 

A  comparison  of  several  of  the 
voltage  levels  in  the  differential  cir¬ 
cuit  are  given  in  Table  I  for  both 
the  circuit  of  Fig.  1  and  the  dif¬ 
ferential  circuit  of  Fig.  3.  While 
the  differential  connection  increases 
the  individual  winding  voltages,  it 
does  not  increase  the  peak  collector- 
to-emitter  voltage  for  the  off  tran¬ 
sistor. 

Transistor-Tube  Comparison 

Electron  tubes  can  also  be  used 
as  the  switching  elements  although 
they  are  less  efficient  than  transis¬ 
tors  in  this  application.  The  drop 
across  an  on  tube  and  the  relatively 
large  current  drawn  by  its  grid  are 
the  main  reason  for  lower  efficiency. 
Nevertheless,  tubes  at  present  may 
be  better  in  some  applications  'be¬ 
cause  of  availability  with  a  suitable 
combination  of  voltage  rating,  cur¬ 
rent  rating  and  capacity  for  switch¬ 
ing  at  high  speed. 

Electron-Tube  Circuit 

A  differential  inverter  using  elec¬ 
tron  tubes  as  the  switching  elements 
is  shown  in  Fig.  6.  Best  results  are 
obtained  with  separate  grid  resis¬ 
tors.  The  extension  of  the  per¬ 
missible  upper  limit  for  V,„  is  note¬ 
worthy  because  the  large  grid  cur¬ 
rents  associated  with  the  nondif¬ 
ferential  circuit  limit  its  useful¬ 
ness.  Two  separate  tubes  must  be 
used  because  the  common  cathode 
of  the  double  triode  6N7  precludes 
the  use  of  its  two  halves  as  the 
two  switching  elements  in  the  dif¬ 
ferential  circuit.  At  low  values  of 
the  input  voltage,  in  the  same  order 
of  magnitude  as  the  voltage  drop 
across  the  on  tube,  the  output  fre¬ 


quency  rises  as  the  voltage  is 
lowered.  This  behavior  is  asso¬ 
ciated  with  a  flux  excursion  in  the 
magnetic  core  over  a  minor  but 
symmetrical  hysteresis  loop.  The 
switching  process  occurs  before  the 
flux  in  the  core  reaches  the  satura¬ 
tion  level.  The  low-voltage  region 
is  of  limited  utility  for  ordinary 
purposes  because  the  output  wave¬ 
form  deteriorates  from  its  clean  rec¬ 
tangular  shape,  and  the  frequency 
becomes  dependent  upon  the  load. 

With  transistors,  the  drop  across 
the  on  switching  element  is  small 
and  as  the  input  voltage  decreases 
to  tiny  values  the  circuit  ceases 
oscillation  before  a  region  of  in¬ 
creasing  frequency  is  reached. 

Typical  frequency  characteristics 
for  the  circuit  of  Fig.  6  are  shown 
in  Fig.  7.  Frequency  characteristic 
B  is  that  of  a  nondifferential  cir¬ 
cuit  using  the  same  components 
without  protective  resistors.  In 
each  case  the  maximum  frequency 
shown  is  the  highest  obtained  with¬ 
out  rapid  deterioration  of  the  cir¬ 
cuit  operation  due  to  overheating. 
Overheating  is  caused,  particularly 
in  the  nondifferential  circuit,  by 
excessive  grid  current.  The  char¬ 
acteristics  emphasize  the  extended 
range  of  operation  which  can  be 
obtained  with  the  differential  cir¬ 
cuit. 
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Front  view  of  cmalyxer.  Knob  la  used  to 
control  biota  placed  on  input  wore 


Amplitude  diatribution  analyxer  with  oasocioted  equipment  for  determining  diatribution 
of  rarioua  noiae  waTeiorma  obtained  from  miaaile  radar  aystema 


Simple  Plotter  Analyzes 


where  P(e,)  is  the  probability  dis¬ 
tribution  of  the  waveform,  e, ;  Ms 
the  time  that  waveform  e,  lies  be¬ 
tween  Y  and  Y'  -f  Ay;  and  T  is 
the  total  time  that  the  interval  Ay  is 
positioned  at  Y.  This  amplitude- 
distribution  analyzer  presents  an 
output  voltage  E  that  is  propor¬ 
tional  to  It/T.  Therefore,  from 
Eq.  1 

rY  -h  Ay 

E  =  KZ,/T  =  E  I  P  (j-,;  de, 


TO  EVALUATE  NOISE  and  vibra¬ 
tion,  signal  data  on  both  power 
against  frequency  and  amplitude- 
distribution  density  against  ampli¬ 
tude  must  be  available.  Several 
versions  of  spectrum  analyzers  can 
provide  the  power-frequency  char¬ 
acteristics  automatically.  However, 
the  amplitude-distribution  density 
has  not  been  easily  obtained. 

The  method  most  widely  used  to 
determine  the  amplitude-distribu¬ 
tion  function  involves  a  slow  and 
costly  data  reduction  process.  Re¬ 
corded  on  either  paper  or  film,  the 
wave  amplitude  is  measured  and 
tabulated  at  regular  intervals  of 
time  and  the  results  are  then  re¬ 
duced  numerically  to  provide  a  his¬ 
togram  on  the  amplitude-distribu¬ 
tion  density  of  the  signal. 


FIG.  I — Syitem  is  based  on  the  principle 
that  the  amplitude  distribution  density 
plot  is  the  ratio  of  to  T 


quency  range  from  0  cps  (d-c)  to 
1,000  cps.  The  present  system  per¬ 
forms  well  from  1  cps  to  10,000 
cps,  but  with  redesign  the  lower 
limit  can  be  extended  down  to  es¬ 
sentially  d-c.  The  plotter  is  similar 
to  one  developed  by  the  Naval  Re¬ 
search  Laboratory'  but  is  much 
less  complex. 

Theory  of  Operation 

A  typical  signal  to  be  analyzed 
is  shown  in  Fig.  1.  The  system  is 
based  on  the  following  principle. 
As  a  function  of  time  the  ampli¬ 
tude-distribution  density  of  an 
electrical  signal  is  the  relative 
probability  that  the  signal  ampli¬ 
tude  lies  within  an  interval  of 
amplitude  Ay,  which  is  between  the 
level  Y  and  Y  +  Ay.  The  amplitude- 
distribution  density  plot  is  the 
ratio  of  2t,  the  time  the  waveform 
spends  between  Y  and  Y  +  Ay,  to  T, 
the  total  time  of  measurement  at 
level  Y.  This  relationship  can  be 
expressed : 

Y  “h  Ay  y 
/  P  ie,)  de,  =  ^  (1) 


Circuit  Description 

Figure  2  contains  the  block  dia¬ 
gram  of  the  analyzer.  The  sche¬ 
matic  is  shown  in  Fig.  3.  The 
waveform  to  be  analyzed  e,  is 
amplitude  gated  or  sliced,  that  is, 
a  small  amplitude  interval  or  slice 


Automatic  Method 

The  amplitude-distribution  ana¬ 
lyzer,  described  in  this  article  and 
developed  for  analyzing  radar  noise 
at  the  Naval  Air  Missile  Test 
Center,  provides  a  simple  and  rapid 
method  for  obtaining  the  ampli¬ 
tude-distribution  density  of  noise 
signals  in  the  audio  frequency 
range.  It  produces  an  automatic 
plot  of  the  amplitude-distribution 
density  with  an  accuracy  of  about 
5  percent  with  coarse  resolution. 
Distribution  density  can  be  plotted 
almost  as  fast  as  the  analyzer  is 
operated. 

Signals  to  be  analyzed  have  a  fre- 


FIG.  2 — Block  diagram  of  omplitudo- 
distribution  onolyser.  Analyser  eiiec- 
tively  inspects  only  small  amplitude  in- 
terra!  oi  input  ware.  Input  ware  to  be 
analysed  is  biased  and  then  amplitude 
gated  by  two  clipper  limiters,  one  sam¬ 
ples  positire  slice  and  the  other  somples 
negotire.  Output  is  orerage  roltage  £ 
oi  gated  portion 
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Device  plots  amplitude-distribution  density  required  for  complete  analysis 
of  noise  and  vibration  signals  within  1  to  10,000  cps  with  an  accuracy  of 
5  percent  of  maximum  amplitude.  Circuit  illustrates  principle  that  ampli¬ 
tude-distribution  density  of  an  electrical  signal  is  a  function  of  time  wave 
spends  between  two  adjacent  amplitude  levels 

By  DANIEL  J.  ZOLL  U.  S.  Naval  Air  Missile  Teat  Center,  Point  Mugu,  California 


Radar  Noise  Rapidly 


of  the  signal  is  allowed  to  pass  wave  is  produced.  The  average  plifier  used  in  this  analyzer  are  low 
through  the  system  for  inspection,  value  of  this  output  waveform  is  d-c  drift  rate  and  a  frequency  re- 
The  voltage  output  from  the  slice  E,.  sponse  to  1,000  cps. 

is  an  average  voltage  E.  The  output  of  sections  A  and  B 

The  input  signal  level  is  made  to  is  summed  through  the  output  of  Operation 

vary  in  d-c  potential  by  adding  a  the  d-c  amplifier.  The  average  of  Operating  controls  for  the  distri- 
bias  voltage  to  the  input.  As  the  the  combined  waveform  E  is  now  bution  analyzer  are  two  slice  level 
bias  is  varied,  different  amplitude  plotted  by  an  X-Y  recorder  to  potentiometers,  the  bias  scan  poten- 
levels  of  the  input  waveform  are  display  the  amplitude-distribution  tiometer,  an  X-axis  scale  factor 
sampled  by  the  slice.  If  E  is  plotted  of  the  waveform.  Thus,  a  plot  of  control,  and  an  on-off  switch.  The 
as  a  function  of  the  bias  voltage,  E  against  d-c  bias  is  a  first  approxi-  first  step  in  operation  of  the  an- 
an  approximation  to  the  probability  mation  to  the  amplitude-distribu-  alyzer  is  to  balance  the  d-c  ampli- 
distribution  of  e,,  [P  (e,)],  will  be  tion  function  of  the  input  wave-  fier  and  to  adjust  the  two  slice  level 
plotted.  If  the  slice  width  ap-  form.  potentiometers  until  both  diode  sec- 

proaches  zero,  or  infinite  resolution.  For  audio  signals,  the  X-Y  will  tions  are  producing  the  same  mag- 
the  plot  approaches  P(e,).  average  but  for  subaudio  signals  nitude.  Proper  scales  are  then 

Basically,  the  device  consists  of  the  filter  Rs,  C,  must  be  used.  selected  on  a  two-axis  plotting 

two  clipper  limiters  or  slicers  that  The  requirements  for  the  d-c  am-  board,  Y-Y  recorder,  and  finally 
maintain  a  narrow  interval  between 
the  clipping  and  limiting  levels.  The 
two  clipper  limiters,  sections  A  and 
B,  are  used  to  amplitude  gate  the 
signal  and  form  E. 

Section  A  samples  the  d-c  biased 
input  signal,  e,  +  bias,  between 
zero  and  -f  i  slice  width.  The  out¬ 
put  of  section  A  is  shown  in  Fig.  4. 

Because  of  a  relatively  narrow  slice, 
the  output  of  section  A  is  essen¬ 
tially  a  negative  square  wave  with 
amplitude  equal  to  —  i  slice  width. 

The  average  value  of  this  waveform 
is 

Section  B  inspects  the  biased 
input  signal  between  zero  and  —i 
slice  width.  The  output  of  section  FIG.  3 — Schematic  of  ampUtude-dietribuUon  onalyxer.  Clipper  limiter  A  lamplea  d-c 
B  is  inverted  and  biased  to  -t-*  a  Woeed  input  tignal  between  aero  and  poaiUTe  hall  oi  aUce  width.  Clipper  limiter  B 
....  ,  ,  i-i-  ~  aamplea  d-c  bioaed  input  aignal  between  zero  and  neqatiTe  half  oi  alice  width.  Output 

ce  Width  ^  by  a  d-c  amplifier  so  of  B  ia  inrorted  and  biaaed  to  produce  poaitire  aquare  wa^e  by  a  d-c  amplifier.  Recorder 

thdt  6SS6ntl&lly  &  positive  SQU&re  plots  OTsrage  wore  E  ol  combined  A  and  B  output 
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FIG.  4 — Circuit  waTeiorms  of  the  analy¬ 
zer  for  on  input  triangular  wave 


FIG.  5 — Theoretical  anipIitude-4istribuUon 
ol  a  sine  ware  for  different  ratioe  of  zlice 
width  to  peak-to-peok  sine-ware  ampli¬ 
tude  os  used  in  technique  described 


the  bias  scan  potentiometer  is  used 
to  slowly  sweep  the  amplitude  of 
the  input  signal  producing  the  dis¬ 
tribution  density  versus  amplitude 
on  the  X-Y  recorder. 

Input  signals  for  the  present 
modef  must  be  less  than  90  v  peak- 
to-peak,  the  full  swing  of  the  d-c 
bias,  so  that  a  full  amplitude  sweep 
may  be  obtained.  The  peak-to-peak 
value  of  the  signal  should  be  as 
near  as  possible  to  90  v  to  obtain 
maximum  resolution. 

The  approximations  made  in  this 
description  have  been  that  the  wave 
has  constant  slopes  inside  the  slice 
and  that  the  action  of  the  diodes 
is  perfect. 

Accuracy 

Errors  in  the  present  system  are 
caused  by  resolution  limitations  of 
the  circuits  and  errors  of  circuit 
components.  Resolution  is  the  abil¬ 
ity  of  the  analyzer  to  define  the 
structure  of  the  true  amplitude- 
distribution  of  the  input  waveform. 
Resolution  is  directly  related  to 
slice  width,  which  must  approach 
zero  if  E  is  to  be  exactly  propor¬ 
tional  to  P  (e,).  Experimentally, 
the  slice  width  is  several  percent  of 


the  peak-to-peak  input  signal  am¬ 
plitude  because  of  equipment  limi¬ 
tations.  Component  errors  are 
caused  primarily  by  the  silicon 
diodes  and  the  d-c  inverting  ampli¬ 
fier.  Silicon-diode  error  increases 
at  high  frequencies.  At  frequencies 
below  1,000  cps  the  error  is  quite 
small. 

Drift  Error 

Direct-coupled  amplifier  error  is 
caused  by  amplifier  drift.  This 
drift  causes  an  output  error  that  is 
inversely  proportional  to  the  ampli¬ 
tude  of  the  output  signal.  There¬ 
fore,  the  output  signal  must  be 
made  as  large  as  possible  to  mini¬ 
mize  this  error. 

The  analyzer  output  signal  E  is 
proportional  in  magnitude  to  the 
slice  width  and  should  be  larger 
than  the  expected  drift  of  the  d-c 
amplifier.  Thus,  the  amplifier  drift 
error  must  be  balanced  against  res¬ 
olution  error. 

Slice  width  to  peak-to-peak  signal 
amplitude  ratio  is  defined  as  the 
resolution  ratio.  Resolution  ratio  is 
limited  to  1 :20  because  of  amplifier 
drift.  However,  if  a  stabilized  d-c 
amplifier  is  used,  the  drift  error  is 
negligible  and  a  resolution  ratio  of 
1:100  is  possible.  In  this  case,  the 
silicon  diodes  are  the  primary  cause 
of  system  error. 


FIG.  6 — Theoretical  and  recorded  distribu¬ 
tion  density  for  a  sine  wove.  Slice  width 
Ay  to  peok-to-peak  input  ratio  at  1/20 


FIG.  7 — Recorded  amplitude  distributton 
oi  the  output  of  o  random  noise  generator 


Error  in  the  equipment  is  defined 
as  the  percentage  deviation  of  the 
analyzed  distribution  from  the 
theoretical  distribution  with  re¬ 
spect  to  the  maximum  value  of  the 
plotted  distribution.  This  is  similar 
to  percent  of  full  scale  used  for 
many  meters.  The  present  equip¬ 
ment  will  plot  the  distribution  of 
noise  inputs  with  an  error  of  5  per¬ 
cent  or  less. 

If  a  stabilized  amplifier  and  a 
resolution  ratio  of  1:100  are  used, 
the  analyzer  error  is  reduced  to  less 
than  2  per  cent  for  frequencies  be¬ 
low  1,000  cps. 

Sine  Wave  Inputs 

For  sine  wave  inputs,  maximum 
error  will  exceed  5  percent  because 
of  the  large  error  caused  by  resolu¬ 
tion  limitations.  Figure  5  is  a  plot 
of  a  part  of  the  amplitude-distribu¬ 
tion  of  a  sine  wave.  The  effect  of 
different  resolution  ratios  is  il¬ 
lustrated. 

Figures  6  and  7  are  plots  of  dis¬ 
tribution  densities  for  a  sine  wave 
and  for  random  noise.  Theoretical 
distribution  for  a  sine  wave  is  in¬ 
finitely  discontinuous  at  maximum 
signal  amplitude.  The  analyzer  can¬ 
not  reproduce  this  part  of  the  dis¬ 
tribution  accurately  as  is  shown  in 
Fig.  6. 

Figure  7  shows  the  plotted  and 
theoretical  distribution  density  of 
a  normal  random  noise  signal.  The 
analyzer  results  compare  quite 
favorably.  Good  results  can  be  ex¬ 
pected  for  any  distribution  that  is 
continuous. 

Conclusions 

From  the  results  obtained  from 
the  use  of  this  analyzer,  it  is  evi¬ 
dent  that  this  device  will  produce 
an  amplitude-distribution  analysis 
with  an  error  of  not  more  than  5 
percent  of  the  maximum  amplitude 
of  the  distribution  for  any  noise 
signal  between  the  frequencies,  1 
cps  to  10,000  cps.  With  improved 
design  and  components  outlined  in 
this  article,  the  analyzer  may  have 
better  resolution,  1:100  vs  1:20,  an 
error  of  less  than  2  percent,  and  a 
frequency  range  extending  to  zero. 

Reference 

(1)  An  Amplitude-Distribution  Ana- 
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FIG.  2 — Three-db  bandwidth  factor  for  tronsformort  with 
two  identical  coupled  circuiU 


FIG.  1 — Shape  factors  for  single  and  cascaded  double-tuned  transformers  ts  coupling  factor.  Curves  are  solutions  of  the 
equation  shown  which  also  applies  to  Fig.  2  and  3 

H-F  Amplifiei  Design 

Any  narroW'band  h-f  tuned  amplifier  can  be  designed  from  the  accompany¬ 
ing  curves  and  a  minimum  of  additional  information.  The  step-by-step 
method  is  directed  to  the  bread-and-butter*  circuits  of  communications  sys¬ 
tem  design — narrow-band  i-f  amplifiers,  r-f  stages,  and  audio  filter  circuits. 

It  relies  only  on  provision  of  a  set  of  design  specifications 

ALBERT  E.  HAYES,  JR.*  Mechanical  Dlv.,  Engineering  Research  and  Development,  General 
Mills,  Inc.,  Minneapolis,  Minn. 


Typical  design  specifications 
for  a  narrow-band  h-f  tuned 
amplifier  give  the  amount  of 
gain  required  from  a  completed 
unit,  the  bandwidth  at  either  the 
3-db  or  6-db  points,  and  the  60-db 
bandwidth.  The  problem  is  to 
determine  the  number  of  ampli¬ 
fier  stages  and  transformers  re¬ 
quired;  the  transistor  (or  tube) 
types  to  be  used;  and  the  speci¬ 
fications  for  the  i-f  or  r-f  trans¬ 
formers  to  be  used. 

A  simplifying  assumption  is 
made  that  Q,„  =  Q.„  in  each 


case.  In  narrow-band  amplifiers 
it  is  seldom  necessary  to  use 
transformers  having  unequal  pri¬ 
mary  and  secondary  Q. 

A  quantity  bandwidth  factor 
(H)  is  introduced  to  normalize 
the  design  charts  about  any  spec¬ 
ified  center  frequency.  This  fac¬ 
tor  is  defined  as  follows:  H,  = 
3-db  bandwidth  X  Q/f,  and  H,  = 
6-db  bandwidth  x  Q/f.,  where  /f, 
and  H,  are  the  3-  and  6-db  band¬ 
width  factors,  respectively;  /,  is 
the  center  frequency  of  the  pass 
band;  and  Q  is  the  loaded  un¬ 


coupled  Q  of  each  transformer 
winding  (Qp„  =  Q,,.). 

The  term  coupling  factor  is  ap¬ 
plied  to  the  quantity  KQ,  where 
K  is  the  coupling  coefficient  and 
Q  is  as  defined  previously.  This 
•  expression  is  identical  with  K/ 
K.,  K,  is  critical  coupling. 

Use  of  the  Tools 

Assume  that  the  following 
performance  characteristics  are 
specified  for  an  amplifier:  shape 
factor,  overall  gain,  3-db  band- 

•  Now  with  Ampex  Corp. 

(continiMd  on  pago  166) 
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KEEP  UP-TO-DATE  ON  MA6NCTICS 


Now — guaranteed  maximum  and  minimum 
performance  iimits  for  tape  wound  cores  ! 


For  the  first  time  you  can  order  tape  wound  cores  with 
guaranteed  performance  to  published  limits. 

All  tape  wound  cores  coming  from  the  hydrogen  atmosphere 
annealing  furnaces  at  Magnetics,  Inc.  are  tested  by  flux  reset 
as  proposed  by  the  AIEE  Working  Group  on  Core  Matching 
and  Grading*.  Thus,  standard  cores  are  given  a  standard 
test  to  give  engineer-designers  a  standard  component  whose 
performance  is  guaranteed  within  fixed  limits. 

Magnetics,  Inc.  has  established  the  limits  to  provide  maxi- 
roum,  minimum  and  nominal  B„,  B,/B„,  H,  and  gain 
performance  data.  It  is  published  for  one,  two,  four  and  six 
mil  tape  thickness  for  Orthonol®  and  Hy  Mu  80. 

Now  it  is  possible  for  you  to  select  and  order  cores  specifically 
suited  to  your  design  (just  as  with  any  other  standardized 

eiectronics  engineering  edition  —  March  14,  1958 


component) .  You’ll  save  many  hours  of  experimenting,  and 
because  the  reliability  of  the  data  is  guaranteed,  you’ll  be 
sure  at  every  stage  of  design  and  production. 

The  published  limits  for  Magnetics,  Inc.  tape  wound  core 
performance  are  ready  now.  Write  for  your  copy:  Dept.  E-45, 
Magnetics,  Inc.,  Butler,  Pennsylvania. 


mHBtteriCS  Ine. 


*Paper  No.  J8-71,  Winter  General  Meeting,  AIEE,  February,  1958. 
Flux  Reset  Test  is  one  of  two  tests  proposed  for  standardization. 
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Amplifier  Designing  (continued  from  page  166) 

Table  I — Max  KQ  for  Max  Permissible  Double-  '-Or  — 

Humping  03  - 


Oo ‘MEASURED  0  OF  LOADED  PR(MARY 
WHEN  COUPLED  TO  LOADED 
SECONDARY,  AT  INDICATED 
COUPLING  FACTOR 


Permissible 
peak-to-valley 
ratio  (db) 


Number  of  transformers 


BBnEDII&ilBII 


/<Fi5r 

>v-or 


UNDER  COUPLED  I  OVER  COUPLED 


FIG.  S — Curre  uaed  for  setting  of  coupling  factor  with  a  Q-meter 
os  well  as  circuif*  of  typical  coupling  transformer 


o  ai  02  as  0.A  os  oe  o?  0.8  03  1.0  1.1  1.2  1.3  \a  ls, 

COUPING  FACTDR-KQt»K/Kc) 


transformers)  of  3  x  2.8  or  8.4 
db.  To  attain  specified  net  gain 
of  60  db  from  the  amplifier,  60  -f- 

8.4  or  68.4  db  of  gain  must  be 
provided  by  the  three  transistors 
used.  Fortunately,  many  tran¬ 
sistors  are  available  with  suffi¬ 
cient  gain  to  do  the  job. 

The  minimum  number  of 
stages  may  depend  either  on 
overall  gain  requirements,  a 
maximum  shape  factor  specifica¬ 
tion,  or  both.  If,  in  the  pre¬ 
vious  example,  a  shape  factor  of 

2.4  was  called  for  instead  of  4, 

Fig.  1  reveals  that  four  trans¬ 
formers  at  KQ  =  1.35,  five  trans¬ 
formers  at  KQ  =  1.1,  or  six 
transformers  at  KQ  =  1.02 

could  meet  the  requirements. 

Slight  overcoupling  may  often 
save  the  complication  and  ex¬ 
pense  of  an  additional  stage. 
Table  I  shows  how  far  over¬ 
coupling  may  be  carried  without 
exceeding  a  specified  maximum 
peak-to-valley  ratio. 

Transformer  Design 

Double-tuned  transformers 
may  now  be  specified  if  the  out¬ 
put  impedance  of  each  driving 
stage  and  the  input  impedance 
of  each  driven  stage  are  known. 
The  transformer  supplier  may 
not  be  able  to  deviate  from  clas¬ 
sical  winding-machine  settings. 
In  this  event,  the  following  pro¬ 
cedure,  using  previously  com¬ 
puted  data,  will  produce  a  proper 
transformer. 

The  untapped  primary  and 
tapped  secondary  arrangement 
shown  in  Fig.  5  is  generally  sat¬ 


isfactory  for  a  coupling  trans¬ 
former.  Primary  and  secondary 
coil  inductance  may  be  computed 
as  follows: 

,  _  r.  (Q./Q  -  1)  ... 

where  r,  is  output  resistance  of 
driving  stage;  /.  is  midband  fre¬ 
quency;  Q  is  loaded,  uncoupled 
Q  from  step  4;  and  Q.  is  un¬ 
loaded,  uncoupled  Q  of  each 
winding.  Trial  windings  will  be 
necessary  to  determine  the  value 
of  Q,. 

Capacitance  C  (Fig.  5)  should 
be  selected  to  resonate  with  L  at 
the  desired  center  frequency.  Re¬ 
active  components  of  the  tran¬ 
sistor  input  and  output  imped¬ 
ances  my  be  taken  care  of  by 
providing  trimming  controls  on 
L,  C,  or  both.  Alternatively,  re¬ 
actance  may  be  allowed  for  by 
modification  of  C. 

Position  of  the  secondary  tap 
may  be  computed  as  follows: 

Nt/N  =  fr, />„)>'*  (2) 

where  Nr  is  the  number  of  turns 
between  tap  and  cold  end  of  the 
secondary,  N  is  the  number  of 
turns  in  each  full  winding,  and 
ri  is  the  input  resistance  of 
driven  stage. 

With  the  aid  of  Fig.  5,  cou¬ 
pling  between  the  windings  may 
be  set  on  a  Q  meter  to  the  desired 
value  of  KQ.  First,  terminate  the 
windings  with  resistors  to  simu¬ 
late  the  expected  r.  and  r,.  Then, 
adjust  the  coupling  until  the 
measured  value  of  primary  Q 
drops  to  the  value  (Qq/Q)  speci¬ 
fied  on  the  ordinate  for  the  de¬ 


sired  coupling  factor. 

As  an  example,  design  a  trans¬ 
former  using  Raytheon  2N112 
transistors  and  meet  the  follow¬ 
ing  requirements  and  conditions : 
r„  600  ohms;  r.,  25,000  ohms; 
KQ  =  0.84;  /.,  455  kc;  Q,  44; 
and  Q«,  175. 

Compute  inductance  with  Eq.  1 


25  X  I0-’  (175/44  -  1) 
2  X  4.55  X  10»  X  175 


:  1.50  u  Hy 


From  a  reactance/frequency  ta¬ 
ble,  C  is  810  fufif. 

Position  of  the  secondary  tap 
may  be  computed  with  Eq.  2. 

Nt/N  =  (600/2.5,000)*'*  =  0.155 
or  the  secondary  tap  should  be 
about  15  percent  above  the  cold 
end  of  the  secondary  coil. 

The  coupling  is  adjusted  to  the 
required  KQ  =  0.84  (Fig.  5)  as 
follows:  (1)  Connect  a  25,000- 
ohm  resistor  across  the  primary 
terminals.  (2)  Connect  a  600- 
ohm  resistor  between  the  second¬ 
ary  tap  and  the  cold  end  of  the 
secondary.  (3)  Connect  the  pri¬ 
mary  to  a  Q  meter  and  resonate 
both  primary  and  secondary  with 
the  slightest  possible  coupling. 
(4)  Read  primary  Q.  (5)  In¬ 
crease  coupling  until  the  meas¬ 
ured  Q  drops  to  58  percent  of 
the  value  measured  in  step  4.  The 
coupling  factor  is  now  at  the  re¬ 
quired  value  of  0.84. 

Since  the  2N112  transistor  has 
a  published  gain  capability  of 
better  than  30  db  per  stage,  60 
db  in  three  stages  is  easily  at¬ 
tainable. 

Thanks  are  due  B.  D.  Ramsey 
for  the  basis  for  Figs.  1  to  3. 
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ELECTRONS  AT  WORK 


Punched  Cards  Control  Steel  Production 


Digital  and  analog  tachniquo*  are  combined  to  control  the  operation  of  revene  roughing 
mili  in  new  ateel  plant 


Card-programmed  system  called 
Prodac  will  direct  the  operation  of 
a  6,000-horsepower  universal  re¬ 
versing  roughing  mill.  The  system 
was  designed  by  Westinghouse  for 
the  new  $36-million  Aliquippa 
Works  of  the  Jones  and  Laughlin 
Steel  Corp. 

With  the  system,  the  mill  op¬ 
erator  can  press  a  single  button  to 
initiate  the  complete  rolling  se¬ 
quence  for  a  given  slab.  Informa¬ 
tion  in  punched-card  form  governs 
the  setting  of  edger  opening,  edger 
speed,  mill  opening  and  mill  speed. 

When  a  stack  of  cards  is  inserted 
in  an  IBM  card  reader,  the  mill  op¬ 
erator  can  begin  to  roll  a  sequence 
of  schedules.  To  roll  the  first  sched¬ 
ule,  the  operator  presses  a  schedule 
advance  button  that  causes  the  first 
punched  card  to  be  read  by  the  card 
reader  and  its  information  to  be 
stored. 

A  pass  advance  button  causes  in¬ 
formation  applying  to  the  first  pass 
to  be  used  to  set  the  separation  and 
speeds  of  horizontal  and  vertical 
rolls.  The  slab  then  enters  the 
edger  and  the  mill. 

When  the  slab  has  passed  beyond 


a  slowdown  hot-metal  detector,  the 
mill  decelerates  to  limit  slab  travel 
after  it  clears  the  rolls.  When  the 
slab  has  passed  beyond  the  rolls, 
the  load  detector  initiates  a  signal 
that  stops  the  mill. 

Simultaneously,  information  for 
the  next  pass  is  used  to  reset  the 
edger  and  main  roll  separations  and 
to  establish  speeds  and  direction  of 
rotation  for  the  next  pass.  The  mill 
is  then  automatically  accelerated, 
and  the  slab  reenters  the  mill.  Sim¬ 
ilar  operations  are  repeated  for 
each  pass. 

If  several  slabs  are  to  be  proc¬ 
essed  identically,  the  operator  needs 
only  to  press  the  pass  advance  but¬ 
ton  and  fully  automatic  operation 
results.  If  the  second  schedule  is 
to  be  different,  pressing  the  sched¬ 
ule  advance  button  will  cause  in¬ 
formation  from  the  second  card  in 
the  reader  to  be  extracted.  The  new 
schedule  will  be  executed  auto¬ 
matically  when  the  pass  advance 
button  is  pressed. 

To  illustrate  the  signal  sequence 
incorporated  in  Prodac,  the  sub¬ 
system  for  automatically  controlling 
separation  between  upper  and  lower 


rolls  will  be  described.  Informa¬ 
tion  applying  to  screwdown  is  trans¬ 
ferred  from  punched  card  into  stor¬ 
age  by  the  IBM  card  reader.  An 
analog  signal  representing  actual 
roll  separation  is  transmitted  from 
the  mill  to  an  analog-to-digital  con¬ 
verter  for  conversion  into  digital 
form. 

When  the  operator  presses  the 
pass-  advance  button  to  initiate  roll¬ 
ing  operations,  digital  reference  in¬ 
formation  for  the  desired  roll  sepa¬ 
ration  is  extracted  from  storage 
and  supplied  to  a  digital  difference 
detector.  At  the  same  time,  the 
signal  corresponding  to  actual  roll 
separation  is  passed  to  the  digital 
difference  detector.  The  detector 
performs  a  subtraction  that  yields 
a  resultant  signal  representing  the 
difference  between  the  actual  and 
desired  roll  separation. 

This  signal  applied  through  the 
digital-to-analog  converter  yields  an 
analog  signal  for  input  to  a-  mag¬ 
netic  amplifier.  When  output  of  the 
magnetic  amplifier  is  supplied  to  a 
rotating  regulator,  an  adjustable 
voltage  drive  adjusts  the  screws 
until  roll  separation  is  equal  to  that 
originally  specified  by  the  punched 
card. 

Similar  processes  are  used  to  con¬ 
trol  mill  speed,  edger  speed  and 
edger  opening. 


Neon  Triode  Gives 
Low-Speed  Gate 

By  RONALD  L.  IVES 
Palo  Alto,  Calif. 

Gating  circuits  a  generation  ago 
usually  employed  electromagnetic 
relays,  which  were  seldom  useful 
at  speeds  above  1,000  operations 
per  second.  They  were  most  de¬ 
pendable  at  the  lower  operating 
speeds. 

Since  World  War  II,  most  gating 
circuits  employ  vacuum-tube  multi¬ 
vibrators  and  their  near  relatives, 
which  have  useful  operating  speeds 
ranging  from  several  operations 
per  week  up  to  quite  a  few  million 
operations  per  second.  These  are 
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■  REGULATION  (for  line  or  load)  0.03% 
or  0.003  Volts  (whichever  is  greater) 

■  RIPPLE  1  mv.  rms. 

■  RECOVERY  TIME  50  microseconds 

■  STABILITY  (for  8  hours)  0.03%  or  0.003 
Volts  (whichever  is  greater) 

■  Tubeless. 

■  0.005%  resolution  with  10  turn 
voltage  control. 

■  Continuously  variably  output  voltage 
without  switching. 

■  External  overload  and  short  circuit 
protection  included. 

■  Either  positive  or  negative 
can  be  grounded. 

■  Units  can  be  series  connected. 

■  Suitable  for  square  wave  pulsed  loading. 

■  Power  requirements:  105-125  volts, 
50-65  cycle.  400  cycle  units  available. 

■  Terminations  on  front  and  rear  of  unit. 

■  High  efficiency. 

■  Low  heat  dissipation. 

■  Compact,  light  weight.  sM 

■  Color:  grey  hammer  tone.  -K 

■  Suitable  for  bench  or  rack  use.  V 

■  Voltmeter  and  ammeter  provided. 


Model 

SC-32-0.5 

SC-32-1 

SC-32-1.5 

2SC-32-1.5 

DUAL  OUTPUft 

SC-32-2.5 

SC-32-5 

SC-32-10 

SC-32-15 

2SC-100-0.2 

DUAL  OUTPUT 

SC-150-1 

SC-300-1 


KEPCO  OFFERS  MORE  THAN  120  STANDARD  VOLTAGE  REGULATED  POWER 
SUPPLIES  COVERING  A  WIDE  RANGE  OF  MAGNETIC.  TRANSISTOR  AND  TUBE 
TYPES.  MOST  MODELS  AVAILABLE  FROM  STOCK.  SEND  FOR  BROCHURE  B-581 


SC-32-1 

SC-32-1.5 

SC-32-2.5 
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CIRCLE  137  READERS  SERVICE  CARD 


FIG.  1 — Gattng  circuit  may  use  6AV6. 
Vil2AX7  or  other  triode  types  to  produce 
low  repetition  rate  pulses 


gratifyingly  dependable  at  all 
speeds  below  the  few  million  opera¬ 
tions  per  second.  However,  com¬ 
ponent  requirements  (particularly 
for  capacitors)  become  inordinate 
at  very  slow  operating  speeds.  The 
ratio  of  standby  power  to  controlled 
power  also  becomes  quite  high  at 
these  slower  speeds. 

Experiments  with  neon  tubes  and 
triodes,  to  replace  the  dual  triodes 
used  in  most  multivibrator  circuits, 
indicate  that  a  number  of  slow- 
speed  gating  problems  can  be  solved 
by  such  circuits.  These  circuits 
provide  a  great  saving  in  standby 
power. 

Two  specific  circuits  will  be  de¬ 


scribed  with  operating  constants. 
A  number  of  rather  obvious  alter¬ 
nate  and  derivative  circuits  are 
possible,  and  most  of  those  tested 
work  satisfactorily. 

Upper  limit  of  operating  fre¬ 
quency  of  these  circuits  is  in  the 
vicinity  of  5,000  operations  per  sec¬ 
ond,  because  of  the  slow  deioniza¬ 
tion  time  of  commercial  neon  tubes. 
Dependability  of  operation  is  en¬ 
hanced  if  the  neon  tubes  are  con¬ 
stantly  illuminated  at  almost  any 
level  above  zero.  Several  sponta¬ 
neous  operations  per  month  may  be 
expected  in  exposed  installations 
(probably  caused  by  cosmic  rays). 
However,  the  number  of  these  op¬ 
erations  is  reduced  to  a  very  low 
figure  (but  probably  not  zero  per 
year)  by  enclosure  in  a  metal  cab¬ 
inet. 

Off-On  Gate 

The  circuit  of  an  off-on  gate  is 
shown  in  Fig.  1.  The  supply  voltage 
is  set  midway  between  the  firing 
voltage  (Ef)  of  the  neon  tube  and 
its  extinction  voltage  (E,).  The 
neon  tube  does  not  conduct  unless 
triggered  by  a  momentary  increase 
in  voltage.  Once  conducting,  it  will 
continue  until  the  supply  voltage  is 
momentarily  lowered  below  the  ex¬ 
tinction  voltage. 


Demonstrator  Airplane  Sells  Gear 


Radio  moidtorinq  facilitiM  ore  provided  ior  two  passengers  in  a  Dove  airplane 
equipped  to  demonstrate  electronic  instruments.  The  equipment,  made  by  Smiths 
Aircroit  Instruments,  Ltd.,  England,  includes  automatic  radio  beacon  coupling  and 
automatic  approach  on  the  instrument  landing  system.  Portions  oi  the  autopilot  are 
also  installed  in  the  cabin 
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FIG.  2 — 11  Rs  is  much  greater  than  Ri 
and  the  reciprocal  oi  time  on  is  much 
less  than  pri.  time  on  =  2.303  RiC  logto 
(Er  -I-  E.)/2E,.  whUe  dead  time  =  2.303 
log,o  (Er  +  E.)/2E. 


The  neon  tube  is  coupled  to  the 
triode  by  means  of  the  triode  grid 
resistor.  The  high  value  of  this 
resistor  biases  the  triode  to  low  con¬ 
duction.  When  the  neon  tube  is 
conducting,  the  grid  and  cathode  of 
the  triode  act  as  a  diode,  having 
negligible  resistance.  This  action 
effectively  short-circuits  the  triode 
grid  resistor,  so  that  the  triode 
grid  is  very  close  to  cathode  poten¬ 
tial  when  the  neon  tube  is  conduct¬ 
ing.  The  triode  therefore  draws 
heavy  plate  current. 

Triggering  of  this  gate  may  be 
through  a  small  capacitor  in  the 
anode  circuit  of  the  neon  tube. 
With  this  arrangement,  a  small 
positive  pulse  momentarily  in¬ 
creases  the  anode  voltage  of  the 
neon  tube,  causing  it  to  fire.  This 
discharge,  once  started,  continues 
as  long  as  adequate  supply  voltage 
is  present.  A  negative  pulse  applied 
through  the  same  trigger  input  will 
momentarily  lower  the  anode  volt¬ 
age  of  the  neon  tube  below  extinc¬ 
tion  level,  and  conduction  will  cease. 

A  similar  triggering  action  can 
be  made  to  take  place  through  the 
cathode  circuit  of  the  neon  tube. 
Here  a  negative  pulse  is  required 
to  start  conduction.  A  positive  shut¬ 
off  pulse  applied  to  the  cathode  of 
the  neon  tube  will  stop  conduction. 
The  triggering  pulses  are  kept  out 
of  the  triode  grid-cathode  circuit 
by  means  of  a  small  r-f  choke,  in¬ 
dicated  in  Fig.  1. 

Amplitude  of  the  start  pulse  must 
always  exceed  the  difference  be¬ 
tween  the  supply  voltage  and  the 
firing  voltage  (Ef)  of  the  neon  tube. 


A  small  correction  for  contact  po- 
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Type  Z8I9A 
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UNIVERSAL  MICROWAVE 
POWER  SUPPLY 


Halix  or  Boom:  0-1800  V,  125  mo  max.. 

1700-3500  V,  100  ma  or 
250  W  max. 

ColloctoR  0-300  V,  100  ma  max. 

Anoda:  0-600  V.  60  ma  max. 

6-1:  0-300  V,  5  ma  max. 

6-2  or  Rafloctor:  0  to  ±  1200, 1  ma  max.' 
6-3: 0  to  ±  750,  1  ma  max. 

6-4:  0  to  ±  500,  1  ma  max. 

Ragulation:  0.03% 

Rippla:  3  MV  max. 

Hoatan  0  to  15  V  D.C..  Regulated 
Internal  6-1  or  6-2  Modulation: 

Square  Wave,  Pulse,  Sawtooth,Sino  Wave 


UNIVERSAL  KLYSTRON 
POWER  SUPPLY 


Beam:  200-2000  V,  125  ma  max., 

1800-3600  V,  100  ma  or  250  W  max. 
Reflector:  0-1000  V 
Control  6rld:  -300  to  0  to  -fl50  V. 

5  ma  max. 

Regulation:  0.03% 

Hippie:  3  MV  max. 

Internal  Reflector  Modulation: 

Square  Wave,  Pulse,  Sawtooth.Sine  Wave 


KLYSTRON 
POWER  SUPPLY 


Beam:  300-1000  V,  85  ma  max. 
Reflector:  0-900  V,  20  ma  max. 
Control  6rld:  -300  to  0  to  -f  150  V. 

5  ma  max. 

Regulation:  1% 

Ripple:  7  MV  max. 

Internal  Reflector  Modulation: 
Square  Wave,  Pulse,  Sawtooth 


TEST  ^  RADAR  HIGH-POWER 

equipment  *  COMPONENTS  *  MODULATORS 


,  See  the  COMPLETE  LINE  of 

^  FXR  PRECISION  MICROWAVE 
j  TEST  EQUIPMENT 
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“THINK  SMALL. - 

THINK  MICRODOT“ 


tential  in  the  cathode  circuit  of  the 
neon  tube  may  be  found  desirable. 
The  shutoff  pulse  amplitude  must 
always  exceed  the  difference  be¬ 
tween  the  supply  voltage  and  the 
extinction  voltage  {E,)  of  the  neon 
tube.  Optimum  shape  for  the  trig¬ 
gering  pulses  is  like  that  of  a  rip¬ 
saw  tooth,  with  a  sharp  rise  and  a 
gradual  decline. 

Constant  Duration  Gate 

Circuit  of  a  neon-triode  gate  that 
gives  an  output  pulse  of  constant 
duration  through  a  wide  range  of 
input  pulse-repetition  frequencies 
is  shown  in  Fig.  2.  A  relatively 
large  capacitor  is  tapped  along  the 
anode  resistor  of  the  neon  tube. 
When  the  tube  fires,  the  capacitor 
discharges  through  the  neon  tube 
and  resistor  R,  until  the  charge  is 
dissipated.  At  that  time,  the  neon 
tube  goes  out. 

If  anode  triggering  with  a  posi¬ 
tive  pulse  is  used  and  the  pulse 
shape  is  not  ripsaw  toothed,  opera¬ 
tion  can  be  improved  by  addition  of 
a  high  back  resistance  diode,  as 
shown  in  Fig.  2. 

When  the  neon  tube  is  not  con¬ 
ducting,  the  capacitor  recharges 


Discharge  Path 
Forms  Tree 


Reliability  and  high  performance  with  a  minimum  of  size  and 
weight.  Proven  by  applications  in  military  and  commercial  fields, 
one  million  combinations  of  Microdot  micro-miniature  coaxial 
cables  and  connectors  are  available  from  stock.  Assemblies  made 
by  the  exclusive  Microdot  technic  to  assure  prompt  delivery  on 
standard  and  custom  designs.  Detailed  36  page  catalog  on  request. 


mlcrodot 


For  micro-miniaturization,  "Think  Small'^ 

Think  Microdot.”  Our  sales  engineers  are 
located  in  all  mafor  cities  to  readily  assist  you 
In  special  design  and  standard  applications. 

MICRODOT,  INC.  220  PASADENA  AVE.  SO.  PASADENA,  CALIF. 

Visit  Our  Exhibit  at  the  I. R. E.  Show  *  Booths  2101  -2103 
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Milliard  in  England  made  this  tree-like 
pattern  with  one  oi  their  tineor  acceler¬ 
ators.  Electronics  from  the  accelerator 
penetrated  the  polished  surface  oi  the 
plastic  block  causing  a  charge  to  occu- 
mulate  inside  the  block.  The  charge  was 
released  by  inserting  a  sharp  pin  in  the 
bottom,  resulting  in  the  tree  effect  which 
shows  the  discharge  path 
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Flush  antennas  for  supersonic  aircraft  use 
insulators  of  TEFLON®  to  beat  shock.. .cold. ..heat 


TFE-flMorocarbM  r«in 


INSULATOM  of  TFE-fluorocarbon  resins  with¬ 
stand  severest  climatic  and  flight  conditions. 
High  dielectric  strength,  moisture  repellence, 
keep  1  KW  of  RF  power  isolated  even  in  rare¬ 


fied  and  humid  air.  (Antenna  by  Dome  & 
Margolin,  Inc.,  Westbury,N.Y.;  parts  machined 
from  TEFLON  TFE-fluorocarbon  resins  by 
Tri-Point  Plastics,  Inc.,  Albertson,  L.  I..  N.  Y.) 


Insulation  of  TEFLON®  resin  permits 


soldering  in  tightly  wired  equipment 


Nineteen  relays  are  incorporated  in 


this  6  X  6  X  S-inch  relay  unit  that 
outperforms  a  previous  unit  nine 
times  its  size.  Wire  insulation  and 
sleeving  of  TFE-fluorocarbon  resins 
are  used  because  they  withstand  the 
heat  of  soldering  irons  during  the 


wihb  insulatmm  and  slaaving  of  TEFLON 
TFE-fluorocarbon  rosins  permit  tight  wir¬ 
ing  in  this  miniaturized  relay  unit  for  the 
supersonic  B-58.  (Unit  by  Potter  & 
Brumfield,  Inc.,  Princeton,  Ind.;  wire  and 
sleeving  by  Warren  Wire  Co.,  Pownal,  Vt.) 


final  assembly  where  the  working 


atea  is  very  limited.  TFE-fluorocar- 
bon  resins  are  rated  for  continuous 
use  at  260®C.  The  heat  resistance 
and  high  dielectric  strength  of  these 
materials  permit  miniaturization  of 
electronic  components.  Sensitivity 
of  high-frequency  equipment  is 
maintained  by  the  low  attenuation 
factor  of  insulation  made  of  Du  Pont 
Teflon  resins. 


TFE-fluorocarbon  resins  are  among  the 
few  insulators  that  remain  effective  at 
microwave  frequencies  under  severe  con¬ 
ditions  of  mechanical  and  climatic  shock. 
This  is  proven  by  their  use  as  insulators 
in  flush  antennas  for  supersonic  and  near- 
sonic  aircraft  such  as  the  Boeing  707. 

To  keep  weight  down,  the  parts  are 
used  as  l^th  insulators  and  structural 
members.  They  are  machined  to  toler¬ 
ances  of  one  mfl.  TFE  resins  have  prac¬ 
tically  zero  moisture  absorption.  Thus, 
their  almost  ideal  electrical  characteris¬ 
tics  are  not  altered  by  humidity.  Sensi¬ 
tivity  of  high-frequency  equipment  is 
maintained  by  their  low  attenuation  fac¬ 
tor.  Dielectric  constant  and  power  factor 
ofTFE-fluorocar  bon  resins  are  extremely 
low,  and  remain  virtually  unchanged 
through  the  high  frequency  and  tempera¬ 
ture  ranges.  In  tests,  flush  antennas 
equipped  with  insulators  of  Teflon  res¬ 
ins  withstand  continued  immersion,  mi¬ 
nus  60®F.  to  250®F.  cycling,  and  ^  to 
1000  cps  vibration  at  lO.g  acceleration. 

Reliability  is  insured  since  the  excel¬ 
lent  electrical  characteristics  of  TFE  res¬ 
ins  do  not  change  with  time,  even  at 
elevated  temperatures.  To  find  out  how 
the  properties  of  these  resins  can  help 
you  solve  tough  design  problems,  write 
to  E.  I.  du  Pont  de  Nemours  &  Co. 
(Inc.),  Polychemicals  Dept.,  Rm.  1 7 -3-4, 
Du  Pont  Bldg.,  Wilmington' 98,  Del. 

In  Canada:  Du  Pont  Company  of  Canada 
(1956)  Limited,  P.  O.  Box  660,  Montreal, 
Quebec. 

•  •  • 

VISIT  THE  DU  PONT  EXHIBIT 
BOOTH  4410-4412 

at  the 

1958  I.  R.  E.  SHOW 
The  Coliseum 
New  York  City 
March  24  through  27 


TKFL.ON* 

k  a  ngktmnd  trmhmark . . . 

TEFLON  is  Du  Font’s  registered  trade¬ 
mark  for  its  fluorocarbon  resins,  includ¬ 
ing  the  TFE  (tetrafluoroethylene)  resins 
discussed  herein. 


CIRCLE  139  READERS  SERVICE  CARD 


Removing  lacquer  or  varnish  from  potentiometer  windings  to  give  the  i 
traveler  a  clean,  unimpeded  path  of  travel  can  be  done  in  seconds  with  the  I 
Airbrasive  Unit.  The  abrading  action  can  be  finely  controlled  so  that  only  the  I 
varnish  is  removed.  The  windings,  even  when  extremely  fine  wires  are  used,  are 
unaffected.  Use  of  a  simple  jig  makes  the  process  automatic  and  foolproof. 

This  is  just  one  of  the  many  delicate  industrial  cutting  and  abrading  opera¬ 
tions  that  can  be  performed  with  the  Industrial  Airbrasive  Unit. 

Other  applications  include  calibrating  precision  glassware— removing  sur¬ 
face  deposits— cutting  germanium  and  other  crystalline  substances— etching, 
drilling  and  light  deburring  of  hard,  brittle  materials. 

See  what  the  Airbrasive  process  can  do  for  you.  Send  sample  parts  or 
call  one  of  our  offices  for  a  demonstration. 

BULLETIN  5705  has  full  information.  Send  for  a  copy. 


INDUSTRIAL  DIVISION 

D«pt.  EU  10  East  40th  Street,  New  York  16,  New  York 
Western  Office:  1839  West  Pico  Blvd.,  Los  Angeles  6,  Calif. 


through  R..  until  its  terminal  volt¬ 
age  equals  the  supply  voltage. 

Best  operation  is  secured  with 
this  circuit  and  its  derivatives 
when  resistance  is  kept  high,  ca¬ 
pacitance  low,  and  Ri  is  very  much 
greater  than  i?,. 

Applications 

Both  circuits  were  developed  for 
use  with  meteorological  instru¬ 
ments.  The  first  works  extremely 
well  with  an  inductance  connected 
from  trigger  input  to  ground.  The 
initial  turning  on  of  the  trigger 
circuit  supplies  the  start  pulse,  and 
the  flyback  from  the  inductance 
when  the  circuit  is  opened  provides 
the  shutoff  pulse.  The  second  cir¬ 
cuit  functions  excellently  as  a  pulse- 
stretcher.  Within  a  wide  range  of 
trigger  pulse  repetition  frequen¬ 
cies,  the  duration  of  the  output 
pulse  is  always  the  same. 


Diodes  Offset  Silicon 
Transistor  Heat  Drift 

By  David  H.  Bryan 

Hawthorne,  Calif. 


FIG.  1— Germanium  diode  with  4.000-ohm 
input  reeistor  compensates  drift  in  sili¬ 
con  transistor  ampliiier 


In  both  germanium  and  silicon 
transistors,  increased  temperature 
decreases  resistance  of  both  the 
collector-to-base  and  emitter-to-base 
junctions.  For  germanium  the 
change*  in  the  collector  junction  is 
sufficiently  large  to  account  for 
practically  all  heat  drift  effects. 
However,  in  silicon  the  change  in 
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FIG.  2 — li  too  much  compensation  results 
in  this  circuit,  part  of  diode  current  can  be 
bled  to  ground 


collector-to-base  junction  resistance 
is  practically  negligible.  The  change 
in  resistance  of  the  emitter-to-base 
junction  accounts  for  most  of  heat- 
drift  effects.  As  a  matter  of  fact 
the  change  in  emitter-to-base  re¬ 
sistance  with  changes  in  tempera¬ 
ture  is  greater  for  silicon  than  for 
germanium  because  of  the  higher 
resistivity  of  silicon. 

There  are  several  methods  of 
compensating  heat  drift  in  silicon 
transistor  d-c  amplifiers. 

For  an  npn  silicon  emitter  fol¬ 
lower  with  1-ma  emitter  current, 
output  rises  about  100-mv  as  room 
temperature  rises  to  55  C.  This 
drift  can  be  offset  by  adding  a 
4,000  ohms  in  series  with  the  base 
and  a  back-biased  germanium  diode 
in  parallel  with  the  base.  Over  this 
temperature  range  diode  current 
changes  about  25  microamperes. 
This  current  through  4,00ff  ohms 
lowers  voltage  on  the  base  100  mv 
to  provide  compensation. 

Using  this  network,  the  output 
variation  with  heat  was  found  to 
be  steady  to  within  10  mv.  Since 
input  impedance  of  the  emitter  fol¬ 
lower  is  high,  the  4,000-ohm  resistor 
has  little  effect.  The  shunt  diode 
offers  about  one-megohm  resistance, 
which  is  also  not  significant. 

A  similar  arrangement  of  com¬ 
pensation  can  be  used  for  an  ampli¬ 
fier  circuit  using  emitter-resistor 
degeneration.  If  too  much  compen¬ 
sation  results  it  is  better  to  bleed 
part  of  the  diode  current  to  ground 
than  to  reduce  the  drop  across  the 
diode.  This  is  because  diode  be¬ 
havior  is  inclined  to  change  operat- 


now... 

from 


for  transistorized  memory  circuits 


THE  NEW  M3  LOW-DRIVE  MEMORY  CORE  by  FXQ 
made  of  Ferroxcube  6B1  material,  is  designed  for 
transistorized  memory  circuits  and  has  unusually  low 
driving  current  requirements.  Its  switching  time  is  2 
microseconds  with  a  current  of  450  ma.  at  40®C.  It 
can  be  furnished  in  complete  arrays,  such  as  the 
10  by  10  memory  array  illustrated  above,  and  it  is 
delivered  100*4  tested  to  guaranteed  specifications. 


Requests  for  complete  data  on  test  conditions  and 
guaranteed  properties  should  he  addressed  to: 

FERROXCUBE  CORPORATION  OF  AMERICA 

50  East  Bridge  Street,'  Saugerties,  New  York 


Manufacturers  of  ferrite  cores  for  recording  heads,  magnetic  memories,  TV  flyback  transformers, 
pulse  transformers,  filters,  inductors,  high  frequency  shields  and  power  transformers. 
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III  CEDAR  LANE  •  ENGLEWOOD  •  NEW  JERSEY  •  T«l :  LOwcll  7-0M7 
CANADA  ;  CANADIAN  MARCONI  CO  •  6035  COTE  DE  LIESSE  •  MONTREAL  9 

MARCONI  INSTRUMENTS  LTD  •  ST.  ALBANS  •  HERTS  •  ENGLAND 


ing  point  at  low  voltages  but  levels 
off  at  20  volts  or  more.  Hence  more 
consistent  behavior  among  diodes 
is  obtained  if  the  drop  is  main¬ 
tained  at  twenty  volts. 

Applying  this  method  to 
grounded-emitter  transistor  stages 
is  not  so  effective  unless  several  sili¬ 
con  diodes  are  used  in  series.  In  this 
type  circuit  the  diode  is  in  series 
with  the  collector  and  load  resistor 
and  is  forward  biased.  The  output 
can  be  thought  of  as  the  output  of  a 
two-input  adding  circuit  comprising 


j  two  diodes  that  drift  the  same 
I  amount  with  heat  changes.  How- 
j  ever,  the  effect  of  each  diode  is 
I  opposite  in  sign  and  hence  they 
!  tend  to  cancel. 

I  A  few  rules  of  thumb  should  be 
followed  in  designing  these  circuits. 
Where  a  back-biased  diode  is  used, 
i  it  should  be  regarded  as  supplying 
j  a  compensating  current.  This  diode 
must  be  germanium  since  the  leak¬ 
age  of  silicon  is  negligible  for  these 
applications.  On  the  other  hand, 
j  when  a  forward-biased  diode  is 
used,  silicon  is  a  little  better  be¬ 
cause  there  is  more  variation  with 
heat.  This  diode  should  be  regarded 
as  a  voltage  source  that  provides  a 
compensating  voltage. 

Breakage  of  dies  in  punch  presses 
is  being  reduced  by  electronics. 
Perhaps  even  more  important  than 
the  cost  of  dies,  less  down  time  of 


FIG.  3 — Silicon  diode  with  transistor  junc¬ 
tion  iorm  adder  circuit  to  offset  tempera¬ 
ture  drift 


H  A  R  C  O  N  I 

TEST  SETS  FOR 
MOBILE  RAOlO  TESTING 

Designed  for  precision  performance  in 

^  iVscc/rer  alignment 
*  SIgnel-to-noisa  measurement 
^  DIseriminator  testing 
-N-  Cheeking  rf  and  audio  outputs 
-N-  Deslation  measurement 

...  All  you  need  for  fast  field  testing  of  fm  transmitters  and  receivers  is 
here  in  these  two  complementary  instruments,  tailored  for  mobile  radio 
measurements. 


The  1064/2  provides  high- 
grade  fm  outputs  in  the 
ranges  30  to  SO,  118  to  18S, 
and  450  to  470  me  ;  crystal- 
controlled  i-f  outputs  at  five 
spot  frequencies ;  and  a  1  kc 
af  output. 


The*  1065  has  an  rf  power 
meter  and  0-15  kc  deviation 
indicator  for  use  up  to  500 
me ;  a  dual-impedance  af 
power  meter ;  and  a  multi¬ 
range  volt/ammeter. 


Each  is  lightweight,  portable,  and  quality-engineered 

throughout.  Tubes  and  crystals -are  all  American  types.  Send  for  leaflet  Bin/B. 


NARCONI 

INSTRUMENTS 


THoawwI 
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CERTIFIED  Stest 
^  MIL-R-?^S8PEC8 


Variable 
resistors  shown 
actual  size. 


Type  96 


Type  iS. 

MIL-R-94B  Style  RV5  1/2  Watt  Miniaturized 
Composition. 

Type  90. 

MIL-R-94B  Styie  RV2  1  Watt  Composition. 

Type  90. 

MIL-R-94B  Style  RV4  2  Watts  Composition. 


NEWLY  DEVELOPED 
CIS  MILITARY 
VARIABLE  RESISTORS 


Now  in  production  .  .  .  dependable,  exception¬ 
ally  good  delivery  cycle. 

Complete  line  of  newly  developed  composi¬ 
tion  and  wirewound  military  variable  resistors  .  .  . 
tested  and  certified  to  meet  latest  issue  specs  of 
MIL-R-94B  and  MIL-R-19A. 


/  \  ■ 


UiwTeinp. 


G6NERAL  SPECIFICATIONS 


I  MIL-R-19A 


3-1 5K  3-2SK 


5%  max,  25,000  cycle* 

3^i  max,  1,000  hours, 
rated  load,  40°C 


10%  max.  Method  106, 
MIL-STD-202,  3.5 
meg*  min  insulation 
resistance 


luC-2.5  megs  100-5  megs  I  250-2. 


10%  max,  15,000  cycles 

_ 10%  max,  25,000  cycle* _ 

12%  max,  1,000  hours,  rated  load,  70°C 
10%  ma»,  1,000  hours,  rated  load,  70*C 
10%  average,  14%  max.  Method  106, 
MIL-STD-202,  50  megs  min  insulation 
resistance 

6%  average,  10%  max.  Method  106, 
MIL-STO-202,  100  megs  min  insulation 

resistance _ _ 

4%  max 

_ 2%  max _ 

■  4%  max 

_ 3%  max _ 

10%  max 

_ 6%  max _ 

_ 3%  max _ 

_ 2%  max _ 

2%  max 

— to  15ff*C 


WtST  COAST  SUBSIDIARY 
Chicago  Toltphon*  ol 
Calilomia,  Inc. 

105  Pasadona  Avanut 
South  Patadona.  Calilornia 
L.  A.  Phona:  Clinton  5-71SS 
Twx  L.  A.  nos 


CHICAGO  TELEPHONE  SUPPLY 


EAST  COAST  OFFICE 
9  Haddon  Avtnua 
Haddonfieid.  Naw  Jartay 
Phona:  Haddonfiald  9-5612 
TWX  No.  Haddonfiald  529 
Phila.  Phona:  Markat  7-3129 


SOUTHWESTERN  U.  S.  A. 
(Taxat. Oklahoma) 

John  A.  Graan  Company 
137  Parkhout#  Straat 
Dallas  7,  Ttxas 
Phona:  Rivarsida  3269 


Contact  your  nearest  CTS  office  or  representative 
for  complete  details.  Ask  CTS  specialists  for  help 
with  all  your  current  military  or  commercial  variable 
resistor  or  precision  fixed  wirewound  resistor 
problems. 


Available  also  at  CTS  West  Coast  and  Canadian 
subsidiaries’  plants. 


CANADIAN  SUBSIDIARY 


C.  C.  Meredith  A  Co.,  Ltd. 
Straatsvilla.  Ontario 
Phona:  Taylor  5-1141 


in  &^^ec€<^ion  ^toeUicHcn 


MODEL  261B 


MODEL  262B 


modern 
method  off 
maintaining 

ACCURACY 


Superior  and  sustained  quality  eontralf 
through  frequent  calibration  of  test  instru¬ 
ments,  can  be  achieved  by  semiskilled  person- 
net  using  these  self-contained  standards. 

Portable  Model  829  calibrates  both  AC  and 
DC  meters  over  ranges  from  0.25  millivolt  to 
2000  volts  and  2  microamperes  to  20  amperes. 
Direct  reading  accuracy  of  1%  (0.5%  using 
charts  supplied).  Output  frequency  from  50 
to  400  cps  depending  on  line  frequenc>’  used. 

Net  prke  $2,650. 


Console  Model  26lB  calibrates  all  types  of 
AC  meters  to  direct  reading  accuracies  of 
0.5%  (0.25%  using  calibration  charts)  over 
frequency  range  of  50  to  1600  cps.  Current 
range  from  1.5  milliamperes  to  200  am> 
peres;  voltage  range  from  75  millivolts  to 
1500  volts.  Output  of  electronic  power  os* 
cillator  has  less  than  5%  total  harmonic 
content  at  60  cycles. 

Net  price  $9,250. 


Model  262B  Dual  Potentiometer  Stand¬ 
ard  calibrates  DC  electrical  measuring 
instruments  to  direct  reading  accuracies 
of  0. 1  %  (0.05%  using  calibration  charts) 
through  voltages  ranging  from  1  milli¬ 
volt  to  1500  volts  and  currents  ranging 
from  1  microampere  to  150  amperes. 
Employs  Weston  instruments  and  stand¬ 
ard  cells. 

Net  price  $15,600. 

Prices  ore  f.e.b.  Beenten,  N.J.  6 
subject  to  change  without  notice. 


Mil’  Jn-ijiieiifJI 

(kCU  LABORATORIES'  '  ^ 

Boonton,  New.  lerse), 


Punch  press  is  stopped  to  ovoid  breaking 
die  if  punched  piece  is  not  ejected  through 
r-i  coil  mounted  on  tube 


presses  is  resulting  in  increased 
production. 

Heart  of  the  Robotron  Corpora¬ 
tion’s  die-saving  device  is  a  detector 
in  the  form  of  an  r-f  coil  mounted 
on  a  cast  acrylic  tube.  The  detector 
responds  when  a  stamped  piece  is 
not  ejected  by  stopping  the  press 
from  completing  the  stroke.  This 
problem,  called  double  heading,  is 
a  prime  cause  of  die  breakage. 

The  ejected  piece  is  pushed 
through  the  tube  by  compressed  air. 
As  the  piece  goes  through  the  r-f 
field,  a  relay  is  tripped.  If  a  piece 
fails  to  pass  through  within  a  speci¬ 
fied  time,  the  relay  contacts  remain 
open  and  the  press  is  stopped. 

By  eliminating  double  heading, 
less  care  is  required  by  the  oper¬ 
ator.  In  addition,  faster  automatic 
feeds  can  be  used. 

A  modification  of  the  same  de¬ 
tector  can  be  used  to  count  pieces. 


UHF  to  Guard 
Fire  Trucks 

Transmitter  Activates  Lights  at  Inter¬ 
section  to  Warn  of  Approaching  Fire 
Vehicle 

Recently  tested  and  planned  for 
use  in  New  York  City’s  congested 
traffic  is  a  uhf  radio-controlled 
warning-light  system  designed  to 
promote  safe  passage  of  fire  vehicles 
answering  emergency  calls.  The  de¬ 
vice,  which  is  not  associated  with 
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See  them  at ...  Booth  4507-4509  ' 
National  Convention  Mar.  24-27,  N.Y.,  N.Y. 

Wah  Chang  Corporation  metals  are  opening  new  horizons  for  the 
expanding  electronics  industry  ,  .  .  new  heights  m  high  ?emperaturl 

dS%nf?n'%liabS 

atthe  IRf”^  c'‘^'  ^0'  yoiJ  to  examine 

nFwnM  ^  quality  WCC  TUNGSTEN  and  MOLYB- 

powder^  TANTALUM  oxides  and 

Ke^shipl’  ■  ^  ^  products  of  over  41  years  of  metallurgical 

Experienced  personnel  will  be  m  attendance  to  discuss  your  metals 

aToutT-icVs  a°Jd1l,Sy'5S"' 

youT/sS  io^Lm\S^?”y5df;lTe'*6',ad°yo"uTd1‘'‘'^  4507-45091 
See  you  at  the  show! 


WAH  CHANG 
CORPORATION 

WOOLWORTH  BUILDING.  NEW  YORK  7.  N.  V. 


WAITING  FOR  YOU 

EXCITING  NEW  IDEAS  IN  METALS 


Vibration , . .  with  frequencies  up  to  500  cycles  per  second 
and  up  to  15  G’s . . .  might  prove  to  be  a  shattering  experi¬ 
ence  for  some  servo  motors.  But  not  for  a  G-M  Servo! 


460C 

G-M 

SER\ 


GOOD  REASONS  WHY 
G-M  SERVO  MOTORS 
SERVE  YOU  BEST! 


1  G-M  servo  motors  ore  avail¬ 
able  in  standard  sizes. 

2  G-M  servo  motors  con  be 
modified  to  meet  specific  cir¬ 
cuit  requirements. 

3  Creative  engineering  in  de¬ 
signing  special  servo  motors 
with  special  characteristics. 

4  Fast  production— better 


This  vibration  test  at  G-M  is  only 
one  of  a  series  of  environmental  tests 
all  G-M  servo  motors  must  success¬ 
fully  pass— before  they  can  be  inte¬ 
grated  into  your  control  system. 

G-M  preeision-built  servo  motors 
conform  to  all  military  environmental 
specifications  when  so  specified.  They 
are  designed  to  pierform  under  the 
toughest  humidity,  salt  spray,  temper¬ 
ature,  altitude  and  vibration  conditions 
.  .  .  and  they  come  baek  for  more! 


operation  of  city’s  traffic  light  sys¬ 
tem,  is  expected  to  reduce  accidents 
to  fire  equipment  and  to  benefit 
motorists. 

The  system  consists  of  a  three- 
watt  f-m  transmitter  that  is  in¬ 
stalled  on  the  fire  vehicle  and  op¬ 
erated  by  the  driver.  It  activates 
a  red  beacon  and  four  yellow  signal 
lights  in  a  transistorized  receiver 
located  on  poles  near  the  intersec¬ 
tion.  Developed  by  the  fire  depart¬ 
ment  radio  division  and  built  by 
Motorola,  the  system  uses  a  dual¬ 
tone  decoded  signal  and  carrier  and 
is  expected  to  operate  on  a  fre¬ 
quency  around  900  me  when  final 
plans  are  adopted. 

The  transmitter  generates  sinu¬ 
soidal  tones  in  audio  band  along 
with  the  carrier  to  ensure  signal 
capture  by  two- reed  decoders  em¬ 
ployed  in  the  receiver.  Upon  signal 
decoding,  relays  are  energized  to 
activate  either  red  beacon  or  yellow 
lights  or  both. 

The  two-reed  decoders  are  neces¬ 
sary  to  handle  two  pairs  of  dual¬ 
tone  decoded  signals,  North-South 
and  East-West,  which  are  gener¬ 
ated  upon  manual  operation  of  two 
toggle  switches  on  the  transmitter 
panel.  Operation  of  the  N-S  or  E-W 
switch  results  in  activation  of  the 
yellow  lights  facing  in  the  selected 
direction.  The  succeeding  switch 
operation  causes  deactivation. 


Tv  Controls  Traffic 
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for  information,  or  send 
for  compiete  G-M 
charts  and  specifica¬ 
tions.  No  obligation, 
of  course. 


A77A  Ki  a  4j 


Bobby  controls  traffic  lights  by  wotching 
monitor  as  closed-circuit  tv  cameras  see 
vehicles  around  bends  and  over  bridges 
in  Durham.  England 


COMPONENT  DESIGN 

Transistors  After  Ten  Years  Of  Development 


Tenth  onniTersory  oi  a  little  translator  which  performs  like  o  giant,  invented  by  a  little 
man  who  thinks  giant  thoughts.  Left  to  right:  Dr.  G.  P.  Harawell,  President  oi  the  U.  OI 
Pennsylvania;  Dr.  William  Shockley.  Noel  Laureate,  and  Dr.  J,  H.  Milligan.  Jr..  Chair¬ 
man  of  the  1958  Transistor  and  Solid  State  Circuits  Conference 


In  the  ten  years  since  Bell  Labs 
announced  its  invention,  the  tran¬ 
sistor  has  risen  from  an  impracti¬ 
cal  25  mw  laboratory  device  to  one 
of  the  most  widely  used  compo¬ 
nents  in  electronics. 

More  than  28  million  were  sold 
last  year  at  an  average  cost  of 
$2.40  each.  This  price  was  twenty 
percent  lower  than  the  previous 
year.  Dr.  William  Shockley  has 
said  he  thinks  a  reasonable  esti¬ 
mate  for  average  cost  five  years 
from  now  is  about  twenty-five 
cents. 

Transistor  theory  of  a  decade 
ago  offered  no  promise  for  high 
frequency  operation.  One  kilo- 
megacycle  transistors  are  available 
today,  and  there  is  no  reason  to 
doubt  that  this  will  go  up  to  ten 
kilo-megacycles  in  five  years,  and 
100  kilo-megacycles  in  ten  years. 
Limits  set  by  the  atomic  structure 
have  hardly  been  approached. 

Can  We  Do  It 

As  in  all  things,  these  advances 
will  require  a  thorough  analysis 
of  the  problems  by  imaginative 


men  confident  of  their  abilities. 
The  papers  delivered  at  the  1958 
Transistor  and  Solid  State  Confer¬ 
ence  in  Philadelphia,  and  the  ambi¬ 
tious  attitude  of  men  attending  the 
conference  dispel  any  doubts  on 
this  count. 

Many  new  materials  and  tech¬ 
niques  for  building  transistors 
which  operate  a  500  me  or  higher, 
were  discussed  at  the  conference. 
General  feeling  was  that  a  very 
rapid  birth  of  ideas  will  continue 
for  at  least  the  next  few  years. 

In  the  final  analysis,  however, 
regardless  of  what  secondary  tech¬ 
niques  are  used,  high  frequency 
limit  is  determined  by  transistor 
geometry.  Transistor  dimensions 
determine  the  transit  time  which 
sets  the  theoretical  high  frequency 
limit  for  a  particular  material. 

In  a  paper  delivered  at  the  con¬ 
ference,  Dr.  Shockley  compared  the 
advances  made  in  transistor  fre¬ 
quency  response  with  changes  in 
construction.  Point  contact  tran¬ 
sistors  had  the  collector  and  the 
emitter  mounted  in  the  base  in 
close  proximity  to  each  other.  The 


ability  to  physically  place  the  col¬ 
lector  and  emitter  in  the  base  with¬ 
out  having  them  touch  was  the 
limiting  factor. 

Junction  transistors  were  a  tre¬ 
mendous  improvement  over  the 
point  contact  type.  N  and  P  mate¬ 
rials  in  the  junction  transistor 
are  joined  in  one  crystalline  struc¬ 
ture,  with  continuity  of  the  crys¬ 
talline  lattice  maintained  across 
the  junction.  Dimensional  control 
possible  with  materials  grown  into 
one  crystalline  structure  is  obvi¬ 
ously  much  better  than  would  be 
possible  by  placing  the  two  ele¬ 
ments  near  each  other. 

Increased  knowledge  in  semi¬ 
conductor  physics,  especially  at  the 
P-N  junctions,  and  the  development 
of  new  materials  have  resulted  in 
the  constant  improvement  of  junc¬ 
tion  transistors.  Many  of  the  tech¬ 
niques  now  under  investigation  to 
improve  transistors  will  have  a 
short  life.  Some  will  probably 
never  reach  the  practical  stage. 
Time  and  competition  will  deter¬ 
mine  which  approaches  are  best. 

Dr.  Shockley  feels  that  one  of 
the  final  solutions  will  be  to  elimi¬ 
nate  the  base  connection  entirely, 
and  supply  the  transistor  with  an 
external  d.  c.  Commercially  avail¬ 
able  transistors  up  to  this  time 
have  all  been  three  element  devices 
requiring  connections  to  each  ele¬ 
ment.  He  feels  that  the  junction 
size  necessary  to  attach  a  lead  to 
the  base  connection  is  too  large  for 
high-frequency  development. 

A  transistor  diode  originally  de¬ 
veloped  at  Bell  Laboratories  is  now 
in  pilot  production  at  the  Shockley 
Semiconductor  Laboratory  of  Beck¬ 
man  Instruments  Inc.  It  has  a 
negative  resistance  (i.e.  will  pro¬ 
duce  amplification)  when  the 
proper  dc  bias  is  applied  to  it. 

The  negative  resistance  results 
when  excess  electrons  or  holes 
crossing  a  P-N  junction  with  a 
high  reverse  bias  generates  second¬ 
aries  which  form  an  avalanche 
multiplication.  Matching  the  char¬ 
acteristics  of  the  deathnium  cen¬ 
ters  to  the  properties  of  silicon 
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Orders  for  DRIVER-HARRIS  Nickel  and 
Nickel  Alloy  Wire  FILLED  IN  24  HOURS 


If  we  receive  your  order  in  the  morning,  it  will  be  shipped 
out  before  evening  . . .  this  is  the  new  service  policy  of  Driver- 
Harris  in  the  manufacture  and  distribution  of  18  most  fre¬ 
quently  purchased  Nickel  and  Nickel  Alloys  in  wire  form. 
In  addition  to  this  new  warehouse  stocking  program,  is  the 
improved  delivery  schedule  for  Monel,  Grade  “A”  Nickel, 
Inconel,  R  Monel  and  some  Stainless  Steels  with  lead  time 
reduced  to  only  7  days  in  certain  cases.  The  following  list 
covers  immediate  availabilities.  For  complete  detailed  current 
listing  showing  all  sizes  and  specifications,  contact  the  nearest 
Driver-Harris  branch  —  or  call  HUmboldt  3-4800  (New 
Jersey),  REctor  2-9579,  80,  81,  82  (New  York  City). 

IN  STOCK  READY  FOR  DELIVERY 

monel . 25  wire  sizes  from  .0021  to  .091 

GRADE  “A”  NICKEL . 12  wire  sizes  from  .0025  to  .091 

GRADE  “D”  NICKEL .  9  wire  sizes  from  .005  to  .015 

INCONEL  .  3  wire  sizes  from  .0253  to  .050 


STAINLESS  STEEL 

Type  304  . 24  wire  sizes  from  .0016  to  .164 

Type  316 .  6  wire  sizes  from  .007  to  .01 35 

Type  330  . 25  wire  sizes  from  .0063  to. 144 

NICHROME* . 65  wire  sizes  from  .0007  to  .289 

NICHROME*  V . 62  wire  sizes  from  .00045  to  .289 

CHROMAX* . 35  wire  sizes  from  .0031  to  .258 

KARMA*  . 36  wire  sizes  from  .0005  to  .036 

ADVANCE*  . 49  wire  sizes  from  .0008  to  .258 

MANGANIN . 37  wire  sizes  from  .001  to  .1285 

LOHM*  . 29  wire  sizes  from  .001  to.  182 

MIDOHM* . 28  wire  sizes  from  .(X)175  to  .182 

30  ALLOY . 28  wire  sizes  from  .0015  to  .182 

LEAD  TIME  FOR  MANUFACTURING  WIRE  A  RIRRON 

As  low  as  10  days  for 

COLD  DRAWN  MONEL . wire  sizes  from  .(X)l  to  .1875 

GRADE  “A”  NICKEL . wire  sizes  from  .001  to  .1875 

COLD  DRAWN  INCONEL . wire  sizes  from  .001  to  .1875 

R  MONEL . wire  sizes  from  .0285  to  .204 

As  low  as  7  days  for 

STAINLESS  STEEL  wire  and  ribbon 

Types:  T-302,  T-304,  T-305,  T-316,  T-430,  T-446 


nto.  U  S.  PAT.  OPP. 
INCONEL  S  MONCL 
TM  REG.  U  S.  PAT.  OPP 
INTERNATIONAL  NICKEL 
COMPANY  INCORPORATED 


Driver-Harris  Company 

HARRISON,  NEW  JERSEY  •  branches:  Chicago,  Detroit,  Cleveland.  Louisv  lle 
Distributor:  ANGUS  CAMPBELL,  INC.,  Los  Ang^les,  San  Francisco  •  In  Canada;  The  B.  GREENING  WIRE  COMPANY,  Ltd.,  Hamilton.  Ontario 
MAKERS  OF  THE  MOST  COMPLETE  LINE  OF  ALLOYS  FOR  THE  ELECTRICAL,  ELECTRONIC,  AND  HEAT-TREATING  INDUSTRIES 
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AM04:  12  POSITION  STEP  ATTENUATOR 
USING  AT-50  ELEMENTS. 

DC  TO  4000  MC. 


A  COAXIAL  UNIT  FROM 


EMPIRE  DEVICES 


AM03:  6  POSITION  STEP  ATTENUATOR 
USING  AT-50  ELEMENTS. 

OC  TO  4000  MC. 


llmpire’s  UHF  attenuators 
are  resistive  coaxial  networks  for  the 
frequency  range  from  DC  to  4000 
MC 


Accuracy  is  held  to  ±1/2  DB,  VSWR 
is  better  than  1.2  to  1.  Any  attenua¬ 
tion  values  up  to  60  DB  are  available. 
Deposited  carbon  elements  are  used 
for  stability  and  operations  at  higher 
pulse  levels.  Standard  impedance  is 
50  ohms,  other  values  upon  request. 
These  units  have  excellent  tempera¬ 
ture  characteristics  and  are  vibration 
and  shock  resistant.  Standard  con¬ 
nectors  are  type  "N”,  attenuator  pads 
are  also  available  with  type  "C”. 

The  attenuators  may  be  obtained  as 
individual  pads  (AT-50,  AT-60), 
or  as  multi-position  step  attenuators 
AT-103  (six  positions)  and  AT-104 
(twelve  positions) .  For  even  greater 
flexibility,  several  step  attenuators 
may  be  series  connected. 


AT-50:  ATTENUATOR  PAD, 
DC  TO  4000  MC. 

1  W  AVERAGE.  1  KW  PEAK. 


AT-60:  ATTENUATOR  PAD, 
DC  TO  3000  MC. 

2  W  AVERAGE,  2  KW  PEAK. 


For  complete  technical  information 
about  attenuators  for  your 
laboratory  or  production  needs, 
write  for  free  catalog. 


NKW  YORK— Mount  Vernon  4-7.'i30  .  SYHACL'SE— GRanlte  4-740»  •  PHII-ADEL- 
HHIA— SHerwood  7.90HU  •  BOSTON— TWInbrook  4-1955  •  WASHINGTON.  D.  C. 
— OLiver  4-6400  •  ATLANTA— CEdar  7.7801  •  DETROIT— BBoadway  3.2900 
•  CLEVELAND— Evergreen  2-4114  •  PITTSBURGH- ATlantIc  1-9248  • 
ST.  LOUIS— Evergreen  5-7728  •  DAYTON— FUUon  8794  •  CHICAGO— 
EStertiruuk  9-2700  •  DENVER— MAin  3-0343  •  FORT  WORTH— WAlnut 

6-4444  a  ALBUQUERQUE— ALbuquerque  5-9632  •  LOS  ANGELES— REpubllc 
2-8103  •  PALO  ALTO— DAven|>ort  3-4455  •  PORTLAND— CApitol  7-3830  • 

CANADA;  STITTSVILLE.  ONT _ HAleldean  56  •  EXPORT:  NEW  YORK— 

.Murray  Hill  2-3760 


products  corporation 

AMSTERDAM,  NEW  YORK 
victor  2-84-00 

manufacturers  at 

FIELD  INTENSITY  METERS  •  DISTORTION  ANALYZERS  •  IMPULSE  GENERATORS  •  COAXIAL  ATTENUATORS  •  CRYSTAL  MIXERS 
VISIT  OUR  BOOTHS  3818-3820  AT  THE  I.R.E.  SHOW 
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aids  the  increase  in  carrier  injec¬ 
tion  when  current  in  the  P-N  junc¬ 
tion  is  increased.  « 

Only  the  dimension  of  the  tran¬ 
sistor  diode  which  is  in  the  direc¬ 
tion  of  current  flow  must  be  small. 
All  other  dimensions  can  be  large. 
Since  it  is  not  necessary  to  connect 
a  lead  to  any  of  the  larger  junc¬ 
tions,  the  dimensions  in  the  direc¬ 
tion  of  current  flow  has  no  physi¬ 
cal  limitations. 

Stable  high  gain  amplifiers  can 
be  made  by  combining  transistor 
diodes  and  gyrators.  Shockley 
claims  that  less  expensive,  higher 
performing  digital  computers 
made  of  only  transistor  diodes  and 
ordinary  diodes  are  possible. 

New  Companies  Needed 

Organization  of  a  few  companies 
with  the  sole  function  of  manufac¬ 
turing  semiconductor  crystal  ma¬ 
terial  would  be  a  great  boom  to  the 
transistor  industry.  Starting  point 
for  a  good  deal  of  development 
work,  which  must  be  done  on  semi¬ 
conductor  devices,  is  a  thin  slice 
of  a  semiconductor  crystal.  The 
equipment  necessary  to  produce 
crystals  without  imperfections,  and 
with  accurately  controlled  impurity 
concentrations  is  very  costly.  Sup¬ 
pliers  who  would  sell  semiconduc¬ 
tor  crystals  to  companies  not  able 
to  absorb  the  initial  equipment  cost 
are  needed  in  the  industry. 

It  is  also  possible  that  instead  of 
growing  massive  crystals  and  slic¬ 
ing  them — a  process  in  which  most 
of  the  crystal  ends  up  as  dust — 
machines  could  be  developed  to 
grow  plates.  The  plates  which 
would  be  the  same  thickness  as 
present-day  slices  would  be  better 
suited  to  mass  production  tech¬ 
niques. 

Practical  Production 

Dr.  Shockley  made  a  statement 
in  his  talk  which  summarizes  very 
well  the  practical  position  of  tran¬ 
sistor  development: 

“If  any  area  is  weak,  it  seems  to 
me  to  be  along  the  border  line  be¬ 
tween  exploratory  research,  with 
knowledge  as  an  adequate  goal, 
and  development  for  production, 
with  the  aim  of  finding  a  useful 
production  process,  whether  or  not 
understood.  I  believe  the  field 
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Mel  ITDROFORM 

MtxiMum  Blank 
19*  Diameter 
Mnimum  Draw 
Depth  -  8* 


C.  B.  KAUPP  &  SONS 


NEWARK  WAY  •  MAPLEWOOD 
NEW  JERSEY 


KAUPP... 

for  Accurate  Forming  and  Drawing  of  Stainless  Steel,  Inconel, 
Cold  Rolled  Steel,  Aluminum,  Copper,  Brass  and  Other  Alloys 


© 


new 


low-reflection 
waveguide 
window  seals 


These  rugged  hermetic  seals  pass  microwave  energy  with  minimum 
reflection  loss.  Soldered  directly  to  the  waveguide  flange,  they  seal  out 
moisture,  dust,  oil,  and  salt  spray  — or  maintain  constant  pressure  or 
constant  dielectric  inside. 


Thermally  stable.  D-B  seals  will  not  fracture  in  desert  or  arctic  climates 
. . .  will  withstand  degassing  by  baking.  Units  are  vacuum-tight . . .  shock 
and  vibration  proof.  Seven  standard  sizes  cover  the  entire  microwave  and 
ultra-microwave  range. 


Write  for  complete  data, 


specifications 


Type  Windows:  Metal-glass-mica,  optically  clear. 

Size  Range:  7  standard  sizes  cover  from  8.2  to  90  KMc. 
Temperature  range:  — 55®C  to  +100'C. 

VSWR:  Averages  1.19  over  entire  range. 

Pressure  Differential:  30  psi. 


DEMORNAYI 


BONARDI 


DEMORNAY-BONARDI  •  780  SOUTH  ARROYO  PARKWAY  •  PASADENA,  CALIFORNIA 


would  advance  faster  if  somewhat 
more  fundamental  understanding 
were  sought  for  the  processes  likely 
to  be  useful  in  production.” 


Expandable  Rectifier 
For  High  Voltage 


Silicon  diodes  Joined  together  to  make  a 
High  Voltage  Rectiiier  at  low  cost 


Silicon  rectifiers  which  can  be 
assembled  into  series  chains  make 
high-voltage  rectification  available 
at  a  mass  production  price.  Inex¬ 
pensive  threaded  bushings  are 
used  to  scr.ew  the  required  number 
of  individual  units  end-to-end. 

The  rectifiers  produced  by  the 
Rectifier  Division,  Audio  Devices, 
Inc.,  620  East  Byer  Road,  Santa 
Ana,  California,  can  also  be  used 
singly  for  low  and  medium- voltage 
applications. 

A  rectifier  with  a  peak  inverse 
rating  of  12,000  v  and  a  forward 
current  rating  of  500  ma  can  be 
made  in  about  ten  minutes  by 
screwing  together  thirty  A750 
units,  which  have  a  peak  inverse 
rating  of  400  v. 

High  Power 

Substantial  amounts  of  power  are 
available  by  using  unit  with  higher 
current  ratings.  Thirty  40F1  units, 
which  also  have  a  peak  inverse  rat¬ 
ing  of  12,000v,  and  a  maximum  for¬ 
ward  current  rating  of  I  J  amperes 
can  provide  6  kw  of  rectified  power 
in  a  single-phase  half-wave  circuit. 

Maximum  Ratings 

Individual  units  now  available  for 
the  expandable  rectifier  are  sealed 
silicon  diodes  with  peak  inverse 
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Great  length  of  life 


SATELLITE 
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HEARING  AIDS 


GUIDED  MISSILES 


CRIMPED  LEADS 


RADIO 


Ml  these  points  make  l,rJ  1101100 

DM15,  DM20,  and  DM30  the  finest  obtainable. 


1.  LONGER  LIFE  4.  EXCELLENT  STABILITY 

2.  POTENT  POWER  —  SILVERED  MICA 

3.  SMALLER  SIZE  S.  PEAK  PERFORMANCE 

Extra-tough  phtnof/e  casings  prolong  Ufa,  Ineraasa  stabllHf  over  wirfa  famparafura  ranga. 

use  in  tight  spots  in  television,  radio, 
computer^  miniature  printed  circuits, 
guid^  missiles,  hearing  aids  and  count¬ 
less  civilian  and  military  applications, 
with  little  or  no  replacement  and  main¬ 
tenance  cost.  All  environmental  and  i 
electrical  requirements  of  RETMA  ‘ 
and  MIL  C-5  specs  have  been  met. 
Test  El-Menco  Dur-Mica  Capacitors  ■ 
for  yourself  with  our  help.  Our 
engineering  staff  is  at  your  service 
upon  request.  , 

wtHa  for  Fraa  samplas  and  catalog  W 

an  four  firms  lattarkaad.  w  '' 


TELEVISION 


Recent  comparison  tests  of  El-Menco 
DM15,  DM20  and  DM30  Dur-Mica 
Capacitors  showed  them  to  be  longer- 
lived,  more  fatigue  resistant  than  any 
others.  Under  stepped  up  conditions  of 
IVi  times  rated  voltage  at  125*  C  am¬ 
bient  temperature,  each  in  turn 
achieved  above  standard  ratings  of  un¬ 
diminished  performance  well  past 
16,000  hours,  or,  under  normal  condi¬ 
tions,  a  projected  working  lifetime  of 
from  15  to  20  years! 

Simple  'hairpin’  design  faciliutes 


COMPUTER 


THE  ELECTRO  MOTIVE  MEG.  CO.,  INC 


Manufoclvrars  af  El-Manco  Capocilara 

WiLLIMANTIC  CONNECTICUT 

•  molded  mica  •  mica  trimmer  •  dipped  paper 

•  tubular  paper  •  ceramic  •  silvered  mica  films  •  ceramic  discs 
Area  Electronics,  Inc.,  64  >Mhile  St.,  New  York  13,  N.  Y. 

Exclusive  Supplier  To  Jobbers  and  Distributors  in  the  U.S.  and  Canada 
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Boesch  Bi^minigfure 
Model  SM 


ELEC 


Siibminiature 
Toroids 

Automatically! 


Smaller  toroids  facilitate  new  designs  — 
open  new  channels  to  the  coil  winding  industry 

Think  of  the  space  .  .  .  weight  .  .  .  design  problems 
solved  by  this  machine.  Coils  with  IDs  of  just  Vic"  .  .  . 
maximum  ODs  oF  .  heights  to  Vi"  wound  auto¬ 

matically  with  wire  sizes  as  fine  as  #50!  Winding 
speed  is  continuously  variable  from  0  to  800  turns  per 
minute  and  machine  equipment  includes  every  acces¬ 
sory  you’ll  need.  Reversing  mechanism,  wire  spacing 
and  core  rotation  direction  controls,  wire  tension  de¬ 
vice,  automatic  linear  counter,  for  example,  are  just 
a  few  of  the  “custom  extras”  included  as  basic  parts  on 
Boesch  SM.  The  flexibility  offered  by  this  revolution¬ 
ary  machine  opens  fresh  new  horizons  to  the  coil  wind¬ 
ing  industry.  Get  complete  details  on  this  Subminia¬ 
ture  and  all  Boesch  machinery  now.  Write  today  for 
Catalog  57A. 

All  Boesch  Toroidal  Winders  .  .  .  Vnlly-Automatic 
TW  200,  Semi-Automatic  TW  201  and  Subminia¬ 
ture  SM  feature  modern,  adaptable  design,  easy 
operation,  high  speed  and  life-time  parts  lubrication,^ 


Comparison  is  the  best  test  of  excellence. 
See  for  yourself  why  Boesch  manufactures 
the  world's  most  superior  winding  machines. 


See  us  at  the 


IRE  SHOW 


Booths  4301  &  4302 


BOESCH  MANUFAQURING 
COMPANYJNCORPORATED 


DANBURY,  CONNECTICUT 


ratings  ranging  from  100  to  400v 
and  maximum  forward  current 
ratings  ranging  from  500  ma  to 
li  A. 

Assemblies  can  be  rated  at  the 
product  of  the  number  of  units 
times  individual  peak  inverse  rat¬ 
ings,  without  derating.  A  negative 
temperature  coefficient  of  resist¬ 
ance  gives  a  self  balancing  effect 
which  tends  to  keep  the  voltage 
evenly  distributed  over  the  units 
in  the  chain,  to  limits  well  within 
the  unit  ratings.  Up  to  about 
20,000v  the  assemblies  offer  simple, 
inexpensive  rectification.  At  higher 
voltages,  precautions  have  to  be 
taken  to  control  corona  and  ioniza¬ 
tion. 


Hip  Mount  Capacitors 
Save  Space 

Designed  to  save  space  and  reduce 
assembly  costs,  the  feed  thru  ca¬ 
pacitor  is  particularly  useful  when 
compactness  is  an  essential  part  of 
equipment  design.  The  units  are 
i  in.  long,  and  protrusion  from  the 
chassis  plane  is  only  A  in. 


INSULATING 

GAP 


V 

- CHASSIS — i 


ELECTRODE 

SOLDER 

COATED 


Hip  keeps  capocitor  at  uniform  height  and 
snug  in  hole 

The  CFT  capacitors,  designed  by 
Cornell-Dubilier  Electric  Corp., 
South  Plainfield,  N.  J.  are  self-posi¬ 
tioning.  The  hip-ridge,  holds  in¬ 
sertion  of  the  capacitor  in  the 
chassis  hole  to  a  fixed,  always-uni- 
form  distance.  No  jigs  are  needed 
to  maintain  position  for  .soldering 
the  capacitor  to  the  chassis. 

The  capacitor  electrode  is  hot- 
solder  coated.  This  feature  permits 
the  capacitor  to  be  soldered  to  the 


CIRCLE  170  READERS  SERVICE  CARD 


March  14,  7958  —  ELECTRONICS  engineering  edition 


m 


UNIVERSAL  CERAMIC  COIL  FORMS 
FOR  MILITARY  AND  COMMERCIAL  APPLICATIONS 


National  Conipany,  one  of  the  nation’s  oldest  suppliers  of  quality  coils  and  coil  forms,  now 
introduces,  for  immediate  delivery,  a  new  line  of  ceramic  coil  forms,  engineered  to  meet  the 
most  rigid  military  and  commercial  applications. 

Available  in  5  standard  sizes,  with  or  without  terminal  collars.  Terminal  collars  accept  up 
to  four  terminals  per  collar. 

Internal,  pre-set  torque  spring  provides  smooth,  vibration-proof  means  of  positioning  and 
locking  the  adjusting  cores.  Keep  coils  tuned  as  set,  even  under  severe  vibration  and  shock. 

Powdered  iron  cores  available  in  choices  of  standard  and  long-core  lengths.  Color-coded 
to  indicate  optimum  frequency  ranges. 

All  material  used  are  in  accordance  with  applicable  MIL-Specs. 

Coil  forms,  collars,  and  terminals  available  at  your  National  Parts  Distributor.  Coil  forms 
supplied  with  spring  washer,  rubber  gasket,  coil  base,  external  tooth  lock  washer  and  brass 
nut.  Cores  may  be  ordered  from  National  Company.  Pre-assembled  forms  to  your  prints  quoted 
by  National  Company  upon  request. 


EXTEMtM.  TOOTH, 
LOCK  WASHER 


FOR  SPECIFICATIONS.  PRICES,  DELIVERY-WRITE,  PHONE,  WIRE, 

"*  National  COMPANY,  INC.,  MALDEN  48,  MASS, 
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Feed- thru  capacitor  saves  space  and  low¬ 
ers  assembly  cost 


metal  chassis,  eliminating  use  of 
eyelet  fasteners. 

Type  CFT  capacitors  have  a  d-c 
working  voltage  of  600  v  and  are 
available  in  capacitance  values  from 
4.7  fifjif  to  1000  fifif.  Diameters  of 
the  head  and  shank  ends  are  g’j  in. 
and  9.187  in.  respectively.  Operat¬ 
ing  temperature  range  is  —55  C  to 
+85  C. 


Metal  Film  Mica 
Attenuators 


The  Syncramental  Motor  accurately  translates  pulses  to  incremental  shaft  posi¬ 
tion  for  conversion  of  digital  information  to  analogous  shaft  displacements. 
Compact,  long-life  power  con  rotate  potentiometers,  counters,  rotary  switches, 
control  mechanisms. 

A  special  magnetic  clutch 
mechanism,  rather  than  ratch¬ 
ets,  indexes  the  shaft.  Clutch 
and  detent  mechanism  are 
mounted  between  two  LEDEX 
Rotary  Solenoids  whose  arma¬ 
ture  plates  face  each  other. 

Clutch  rotates  with  one  or  the 
other  of  the  energized  arma¬ 
tures,  to  which  it  has  been 
magnetically  attracted,  causing  shaft  rotation.  Solenoid  de-energizing  returns 
the  armature  to  original  position,  but  clutch  and  shaft  are  held  in  displaced 
position  by  the  detent. 


OCTINT 

mIChanis. 


tMl  MaIINGS  aUTCM  lINtNO 


Metal  film  mica  can  be  easily  cut  into 
any  desired  shape 


120-C.  Attitud-pp  to  90.000  ft  Meets  app.icab.e  repuire- 

ments  of  MIL-E-5272A. 

dia.  a  2.525"  long.  Weight-13  or.  Mountings-standard  Servo. 


Highly  stable  microwave  attenu¬ 
ators,  made  of  a  thin  film  of  pure 
metal  deposited  on  scratch-free 
mica  a  few  thousands  of  an  inch 
thick,  reduce  RF  leakage.  Small 
size  of  a  metallized  mica  high  fre¬ 
quency  variable  attenuators  per¬ 
mits  a  smaller  slot  width  for  guil¬ 
lotine  design.  This  is  desirable 
since  RF  leakage  at  the  slot  affects 
attenuation  characteristics. 

Electrical  and  environmental 
characteristics  of  the  attenuator, 
developed  by  Filmohm  Corporation, 
48  W.  25th  St.,  New  York  10,  N.  Y., 
compare  favorably  with  metallized 
glass  elements.  The  metal  film  is 
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BAUSCH  &  LOME 


sealed  with  a  micro  thin  protective 
coating  of  Quartz. 


Another  application  of  mica  is  in 
rotary  attenuator  design  which 
uses  O.OOl  thick  mica  sections,  elec¬ 
trically  matched  at  either  end. 
Standard  mica  sheets  are  available 
from  0.001  to  0.005  in.  thick,  and 
in  resistivities  from  25  to  400  ohms 
per  square.  Elements  can  be  hand 
cut  to  customer  requirements  and 
an  instruction  bulletin  is  available 
which  details  a  method  of  hand 
cutting  eccentric  shapes. 


New  Components  May 
Double  Radar  Range 

Double  the  range  and  accuracy  of 
antimissile  radars  is  the  goal  of 
an  all-out  effort  by  Sperrj'  Gyro¬ 
scope.  Practical  application  in  spe¬ 
cific  U.  S.  missile  systems  of  some 
of  the  newer  microwave  elements  is 
the  basis  of  the  program. 

The  firm  will  organize  an  addi¬ 
tional  applied  physics  laboratory 
for  new  microwave  solid-state  de¬ 
vices  for  missiles.  Thirty  scientists 
from  Sperry  plants  will  start  the 
study  with  a  three-day  seminar  to 
examine  current  progress  in  the 
field. 

E.  J.  Venaglia,  manager  of 
Sperry’s  microwave  electronics  di¬ 
vision,  points  out  that  although  es¬ 
sential  theory  and  phenomena  have 
been  known  for  years,  many  of  the 
devices  that  could  improve  radar 
have  remained  laboratory  curi¬ 
osities. 

The  application  of  semiconductor 
and  ferromagnetic  materials  as  con¬ 
centrators,  manipulators  or  gener¬ 
ators  of  radar  energy  will  be  in¬ 
vestigated.  These  devices  include 
passive  ferrite  circuit  elements, 
masers  and  parametric  oscillators. 


^  MICRO-VISION 
helps  RAYTHEON  develop  new 
SPACISTOR  amplifier 


The  Spacistor,  Raytheon’s  new  semiconductor 
amplifier,  opens  new  horizons  in  missile  and  com¬ 
munications  equipment  design.  Still  in  develop¬ 
ment,  the  Spacistor  promises  to  combine  many 
advantages  of  transistors  and  vacuum  tubes. 

Viewed  through  a  Bausch  &  Lomb  Stereomicro¬ 
scope,  contact  points  that  are  normally  barely 
visible  can  be  positioned  with  hairline  accuracy. 
3*D  magnification  shows  all  parts  vividly,  right  side 
up.  Long  working  distance  permits  free  movement 
of  hands  and  tools  between  eyepiece  and  stage.  Dustproof,  shockproof 
optical  system,  with  sharp,  flat  images  free  from  distortion,  assures 
fatigue-free  viewing  throughout  prolonged  examination. 


Spacistor  shown  next 
to  ordinary  pinhead. 


BAUSCH  &  LOMB  OPTICAL  CO. 

61427  ST.  PAUL  ST..  ROCHESTER  2.  N.  Y. 

□  I'd  like  to  borrow  a  B&L  Stereotnicroscope 
for  a  15 -day  trial  without  cost  or  obligation. 

□  Send  me  B&L  3-D  Micro-Vision  Book  (Cat. 
D-15),  containing  valuable  data,  showing  ac¬ 
tual  stereo  views. 


SEE  FOR  YOURSELF! 
MAIL  COUPON  FOR 
FREE  15-DAY  TRIAL 


Preformed  Contacts 
for  Printed  Wiring 

Increased  reliability  has  been  at¬ 
tained  in  the  fabrication  of  photo- 
etched,  copper-laminated,  printed 
circuit  boards  by  the  use  of  pre¬ 
formed  contact  strips  and  a  solder¬ 
coating.  Developed  jointly  by  Her- 


TITLE 


COMPANY 


ZONE 
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APPROX 


NOMINAL 
0  0625" 


t 


ELEC 


STAGGERED  FOR 
INCREASED 
VOLTAGE  BREAKDOWN 


PREORILLED 

HOLEs 


MILLED  POSITIONING 
SLOTS 


LAPP 

MULTIPLE-CONTACT 
PLUG  RECEPTACLE 
UNITS  FOR 
SECTIONALIZING 
CIRCUITS 


U-shap«d  copper  contact  strips  anchor 
printed  circuit  conductors  at  mating  edge 
of  board 


These  plug-and-receptacle  units  are 
^  used  for  panel-rack  or  other  sectional- 

ized  circuits  where  a  number  of  connec¬ 
tions  must  be  made  or  broken.  Any  number  of  contacts  can  be 
provided  (in  multiples  of  twelve).  Male  and  female  contacts 
are  full-floating  for  easy  alignment  and  positive  contact.  Con¬ 
tacts  are  silver-plated  brass  and  phosphor  bronze  with  termi¬ 
nals  tinned  for  easy  soldering.  Ceramic  blocks  are  steatite, 
white  glazed  . . .  non-carbonizing  even  under  leakage  flash- 
over  caused  by  contamination,  moisture  or  humidity.  Write 
for  specifications  of  available  units  or  engineering  recommen¬ 
dations  for  your  requirement.  Lapp  Insulator  Co.,  Inc.,  Radio 
Specialties  Division,  140  Sumner  Street,  LeRoy,  New  York. 


SiHcon-rubber  squeegee  is  used  after 
solder  bath  to  provide  smooth  coating  on 
conductors 

bert  Winsker  and  Horace  L. 
Walters  of  the  Norden  Labora¬ 
tories  Division,  Norden-Ketay 
Corp.,  White  Plains,  N.  Y.,  these 
techniques  have  been  applied  to 
printed  circuits  for  military  ap¬ 
plications. 

U-shaped  beryllium  copper  con¬ 
tact  strips  are  positioned  in  milled 
slots  along  the  board’s  mating  edge 
and  secured  either  by  eyeleting 
or  riveting  through  previously 
punched  holes.  The  positioning 
slots  are  cut  during  the  key-slot 
milling  operation,  avoiding  an  addi¬ 
tional  operation. 

To  provide  a  superior  conductive 
and  protective  coating,  the  strips 
can  be  plated  before  assembly.  Ad¬ 
ditional  strips  can  be  added  con¬ 
veniently  at  any  time  to  accom¬ 
modate  new  circuit  requirements. 
The  metal  strips,  while  providing 
a  more  positive  contact  with  the 
receptacle,  will  not  loosen  after 
long  usage.  Since  eyelets  can  be 
used  to  secure  the  strips,  the  tech¬ 
nique  is  especially  suited  to  double¬ 
sided  circuit  board  designs  where 
eyeleting  is  a  normal  method  of 
completing  the  circuits  from  one 
side  of  the  board  to  the  other. 

The  technique  provides  simpler 
etching  in  less  time  and  money. 
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5  MFD  lOOV  (P..  X  11/4  »  I'/t' 


Adjustable 


2  MFD  lOOV  (P/u  X  IV16  *  Vi 


01  Tubular  :  175  x  Vx 


1  Tubular  312  x  1) 


SOUTHERN 

ELECTRONICS 

^oi^iowntUtn 


lERN  For  your  most  exacting  requirements  —always  specify  S.LC. 

_  _  ■  ^Tflripnjl^V  ^50  West  Cypress  Ave.,  Burbank,  California 

I  I  New  District  Office;  1)86  Broadway,  New  York  City 

Phons:  ORsgon  9*2770 

PIONEERS  IN  CUSTOM  PRECISION  CAPACITOR  ENGINEERINB 
See  us  in  Booth  2309  I.R.E.  Show  —  New  York 
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PRODUCTION  TECHNIQUES 


Dip-Brazing  Eases  Machining  of  Complex  Parts 


By  JOHN  COMBOS  John  Gombos  Co.  Irvington,  N.  J. 


Klyitron  hib*  mount  in  holding  fixture  is  lifted  from  molten  salt  bath.  Operator  tues  Spring-loaded  fixture  holds  mount  to- 
"fishpole"  to  OToid  1,100  F  heat  gether  during  brazing 


Aluminum  dip-brazing  simplifies 
fabrication  of  complex  components 
and  permits  fuller  use  of  aluminum 
parts  of  varying  thicknesses,  shapes 
and  alloys.  The  method  opens  up 
design  possibilities  prohibited  by 
more  difficult  methods. 

A  klystron  tube  mount  made  by 
John  Gombos  Co.,  Irvington,  N.  J., 
is  dip-brazed  of  12  parts  machined 
from  wrought  stock  and  2  cast 
parts.  Jt  was  formerly  produced  as 
a  casting,  which  made  finish  ma¬ 
chining  very  difficult. 

Mount  parts  are  now  finish  ma¬ 
chined  before  assembly  and  care¬ 
fully  deburred.  Burrs  or  imbedded 
grit  will  block  the  brazing  material, 
which  flows  into  joints  by  capillary 
action.  Joint  strength  results  from 
surface  penetration. 

Soil  and  oxides  are  removed  by 
vapor  degrease  and  chemical  treat¬ 
ment.  A  dip  in  hot  sodium  hy¬ 
droxide  and  rinse  is  followed  by 
a  dip  in  nitric-hydrochloric  acid, 
cold  and  hot  rinse. 

Parts  are  assembled  in  a  fixture, 
with  brazing  shims  and  formed 
wires  in  place  at  the  joints.  The 
proper  amount  of  brazing  material 
to  produce  a  clean,  well-filled  fillet 
with  no  overflow  is  determined  by 
trial. 

Fixture  accuracy  is  critical. 
Stainless  steel  or  Inconel  must  be 


Cast  oad  machined  parte  in  front  of  az- 
zembled  mount 

used  to  avoid  contaminating  the 
salt  bath.  Massive  parts  (of  the 
fixture)  are  lightened  by  drilled 
holes  to  avoid  heat  distortion,  main¬ 
tain  salt  temperature,  reduce  salt 
dragout  and  hasten  heating  and 
cooling.  Parts  are  not  allowed  to 
butt  against  a  solid  wall.  Spring¬ 
loading  the  fixture  holds  parts 
rigidly  in  place  to  maintain  toler¬ 
ances  of  0.002  inch. 

After  fixturing,  the  assembly  is 
preheated  in  an  oven  to  1,000F.  It 
is  then  immersed  in  the  molten 
flux  salt.  The  salt  bath  is  held  with¬ 
in  2  degrees  of  1,100  F.  The  maxi¬ 
mum  permissable  temperature 
variation  is  5  degrees. 

Depending  on  massiveness  of  the 
parts,  time  in  the  bath  may  be  10 
seconds  to  3  minutes.  Timing  is 
determined  by  trial.  The  tube 
mount  requires  30  seconds  for 
brazing. 

The  brazed  assembly  is  cooled  at 


room  temperature  to  200-300  F.  A 
boiling  water  dip  removes  most  of 
the  salt.  Remaining  salt  is  removed 
by  dipping  in  nitric-hydrochloric 
acid,  cold  and  hot  water.  All  salt 
must  be  removed  as  its  chlorides 
and  fluorides  would  cause  corro¬ 
sion  later. 

Joints  may  be  pressure-tested 
or  inspected  visually.  Since  just 
enough  brazing  alloy  is  used  to  pro¬ 
duce  a  satisfactory  joint,  an  excess 
visible  at  any  point  may  indicate 
a  void. 

Only  recommended  alloys  are 
used  for  dip-brazing.  The  salt  is 
available  from  Alcoa  and  other 
companies.  The  salt  bath  must  be 
periodically  tested  for  contamina¬ 
tion,  moisture  and  proper  chemical 
composition. 


Vertical  X-rays  Give 
Internal  Dimensions 

X-RAY  METHOD  devised  by  Howard 
Harlan,  Dalmo  Victor  Co.,  Bel¬ 
mont,  Calif,  enables  accurate  in¬ 
ternal  measurements  of  wave¬ 
guides  and  other  components  to  be 
made  directly  from  film.  Inside 
contours,  iris  positions  after  r-f 
tuning  tests,  blind  holes  and  simi¬ 
lar  dimensions  have  been  measured 
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New  polyclad  insulation 
eliminates  core  taping 


(Left)  New  Polyclad  resin  provides 
complete  insulation,  eliminates  taping 
required  for  former  uncooted  core 
(shown  above). 


This  excellent  insulation,  added  to  the  unique  properties  of  Hipersil®  cores — 
highest  permeability  with  lowest  loss,  100%  flux  carrying  activity,  lowest  volunte  and 
weight — means  a  better  foundation  for  better  transformers  . . .  smaller,  lighter, 
more  efficient,  and  at  a  lower  unit  cost. 

Positive  protection  against  the  effects  of  humidity  and  high-voltage  stress, 

new  Westinghouse  Polyclad  resin  coating  eliminates  the  need  for  taping  the  core  or 

encasing  it  in  a  plastic  or  aluminum  box — insulation  costs  are  reduced  15%. 

The  resin  forms  a  smooth,  continuous  coating;  rounded  comers  prevent  shorting 
wire  to  core,  allow  winding  directly  on  core.  Strains  induced  into  the  magnetic  core 
are  much  less  than  with  ordinary  insulation — magnetic  values  stay  constant. 

For  more  information  about  Polyclad  insulated  Hipersil  cores — and  other  Hipersil  cores, 
as  well  as  the  complete  line  of  Hipermag®  and  Hiperthin®  cores — call  your 
Westinghouse  representative,  or  write  Westinghouse  Electric  Corporation, 

P.  O.  Box  231,  Greenville,  Pennsylvania.  1-70820 


you  CAN  BE  SURE. ..IF 


ouse 


P&B  PROGRESS/ 

NEW!  INGENIOUS  IMPULSE  LATCHING  RELAY 


NOW!  TWO-COIL  PERFORMANCE 
AT  SINGLE  COIL  COST! 


IThis  new  series,  the  PC,  is  an  ingenious  impulse  latching  relay  which  employs  a 
single  coil  and  armature  to  activate  an  insulated  rocker  arm.  Switching  is  positive,, 
fast  (30  milliseconds). 

Its  low  cost,  dependability  and  versatility  make  it  ideal  for  a  wide  range  of  uses. 
For  example,  two  leading  TV  set  manufacturers  use  the  PC  in  their  remote  control 
circuits  as  an  "off-on”  switch.  It  is  also  used  by  a  maker  of  automatic  garage  doors. 
Conveying  systems,  automatic  processing  equipment,  flow  controls — the  PC  is. 
right  for  these  applications  and  many  more. 

Contact  arrangements  are  available  up  to  4  Form  C  (4PDT),  and  the  snap-action 
contacts  are  rated  5  amps,  at  115  V.  AC  resistive.  The  relay  may  be  ordered  open,, 
as  shown,  or  in  a  metal  dust  cover. 

Write  or  wire  today  for  complete  information. 

What's  N«w  in  P&B  Progress  at  Booth  3904-3906  IRE  Show,  New  York  City,  March  24-27 


POTTER  &  BRUMFIELD.  INC..  PRINCETON.  INDIANA  /  5^11  R!=;i  PI  ARY  OF  AMPRICAKI  MACHINF  A  FOUNDRY  rOMPA 


%»'  01  A.  (2)  HOLES  H 


ENGINEERING  DATA 


GENERAL:  Description:  Single  coil,  impulse  latching  relay. 
Insulating  Material:  Laminated  Phenolic. 

Insulation  Resistance:  1 500  megs.  min. 

Breakdown  Voltage:  500  V.  RMS. 

Ambient  Temperature:  — 55®  C.  to  +85“  C. 

Weight:  5  ozs.  (open) 

Pull-In:  DC,  75X  )  ,  .  ,  u 

78^  I  noniinQi  volto^Oe 

Operate:  30  MS. 

Terminals:  Pierced  Solder  Lugs 
Coil:  Two  #20  AWG  Wires 
Contacts:  One  #20  AWG  Wire 
Enclosures:  "A”  Can. 

CONTACTS:  Arrangements.-  4  Form  C.  max.  (4PDT) 

Material:  Va"  dia.  Silver  Cadmium  oxide  gold  flashed, 
Load:  5  amp.  @  115V.  AC  resistive. 

Pressure:  20  grms.  min. 

COIL:  Resistance:  .016  to  34,500  max. 

Power:  DC,  9  watts.  )  .  .  , 

AC,  18.4  Volt’ Amps.  \ 


Waveguide  it  positioned  on  Vernier  toble 
under  slot  in  lead  sheet 


for  quality  control  and  design  pur¬ 
poses. 

Any  feature  having  a  difference 
in  thickness  of  5  percent  or  more 
between  two  points  may  be  meas¬ 
ured.  Accuracies  of  0.0005  inch 
are  obtained  on  parts  i  inch  high 
and  0.001  inch  accuracy  on  parts 
1  inch  high. 

Enlarged  or  overlapping  images 
are  prevented  by  masking  all  x- 
rays  except  those  which  can  pass 
vertically  through  a  slot  in  a  lead 
sheet.  The  part  to  be  measured  is 
placed  on  film  and  swept  under  the 
defined  beam.  Dimensions  are  later 
measured  from  the  film  in  an  opti¬ 
cal  comparator. 

The  slotted  i  inch  lead  sheet, 
backed  by  Plexiglas  for  strength, 
is  mounted  on  the  arm  of  a  Vernier 
table.  A  10  rpm  motor  is  coupled 
to  the  table’s  longitudinal  screw 
so  that  the  table  travels  at  1  inch 
per  minute. 

The  component  is  mounted  in  a 
fixture  on  the  table  so  that  the 
direction  to  be  measured  traverses 
across  the  slot.  If  dimensions  in 
other  directions  are  desired,  an¬ 
other  picture  must  be  taken  as  the 
slot  filters  only  vertical  x-rays  per¬ 
pendicular  to  the  travel. 

Components  must  be  mounted 
exactly  square  to  the  x-rays.  Verti- 


PRINCETON,  INDIANA 
SUBSIDIARY  OF  AMERICAN  MACHINE  A  FOUNDRY  COMPANY 

Manufacturing  Divisions  also  in  Franklin,  Ky.  and  Laconia,  N.H. 

Mail  the  coupon  below  for  further  engineering  data  on  P&B’s  new  PC  Series 
relays  plus  new  compact  catalog  of  standard  type  relays.  If  you  need  answers 
to  a  specific  application  problem,  write  in  detail. 


Potter  A  Brumfield,  Inc.,  Princeton,  Indiana 
Attn:  T.  B.  Whito,  Brig.  Oon.  USMC  (Ret.) 

Special  Pro|ect»  Engineer 

Please  send  me  complete  data  on  the  now  PC  Sorios  relays, 
phis  the  new  compact  catalog  of  PAB  standard  relays. 


See  our  catalog  in  Sweat's  froduct  Dusign  film 
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/  ...  cross  new 

/  frontiers  in  system 

j  electronics  at  THE 

/  GARREU  CORPORATION 

/  Increased  activity  in  the 

#  design  and  production  of  sys- 

#  tern  electronics  has  created 
I  openings  for  engineers  in  the 
I  following  areas: 

I  ELECTRONIC  AND  AIR  DATA 
f  SYSTEMS  Required  are  men  of  proj- 
f  ect  engineering  capabilities.  Also 
f  required  are  development  and 
I  design  engineers  with  specialized 
I  experience  in  servo-mechanisms, 
I  circuit  and  analog  computer  design 
I  utilizing  vacuum  tubes,  transistors, 

I  and  magnetic  amplifiers. 

I  SERVO  MECHANISMS 
AND  ELECTRO  MAGNETICS  Complete 
working  knowledge  of  electro-magnet¬ 
ic  theory  and  familiarity  with  materi¬ 
als  and  methods  employed  in  the  design 
of  magnetic  amplifiers  is  required. 

FLIGHT  INSTRUMENTS  AND 
TRANSDUCER  DEVELOPMENT 
Requires  engineers  capable  of  analyz¬ 
ing  performance  during  preliminary 
design  and  able  to  prepare  proposals 
and  reports. 

FLIGHT  INSTRUMENTS 
DESIGN  Requires  engineers  skilled 
I  with  the  drafting  and  design  of  light 
I  mechanisms  for  production  in  which 
I  low  friction,  freedom  from  vibration 
I  effects  and  compensation  of  thermo 
I  expansion  are  important. 

I  HIGH  FREQUENCY  MOTORS, 

I  GENERATORS,  CONTROLS  Requires 
1  electrical  design  engineers  with 
1  BSEE  or  equivalent  interested  in 
1  high  frequency  motors,  generators 
t  and  associated  controls. 

1  Send  resume  of  education 
1  and  experience  today  to: 

\  _  Mr.  G,  D.  Bradley 


Table  setup  is  shown  here.  Traversing 
motor  is  on  skids  so  it  siides  with  tobie 


Film  strips  show  difference  between  or¬ 
dinary  x-rays  and  new  method  (ieft) 


minute  travel  speed  is  satisfactory 
for  A  inch  aluminum  using  a  0.020 
inch  slot  with  125  kvp  and  10  ma 
source  placed  30  inches  from  Ansco 
A  film.  Greater  thicknesses  may 
be  measured  by  several  passes.  For 
example,  three  passes  distinguish 
a  change  from  i  inch  to  i  inch. 


cal  sides  must  be  exactly  parallel 
to  the  line  of  a  plumb-bob  hung 
from  the  focal  point  of  the  x-ray 
tube  to  the  slot. 

The  smaller  the  slot,  the  better. 
However,  decreasing  slot  size  re¬ 
quires  increases  in  voltage  and  re¬ 
duced  travel  speed.  The  1  inch  per 


Models  Simplify  Circuit  Planning 


By  W.  W.  STALEY  Arm  Air  Division,  Westinghouse  Electric  Corp,  Baltimore,  Md 


Components  assembled  on  layout  boord 
give  3-D  picture  of  completed  unit 


Boord  transparency  makes  taping  the 
wiring  pattern  o  simple  procedure 


9851  S.  Sepulveda  Blvd. 
Los  Angelea  45,  Calif. 
divisions: 

AiResearch  Manufacturing 
Los  Angeles 

AiResearch  Manufacturing 
Phoenix 

AiResearch  Industrial 
Rex— Aero  Engineering 
Airsupply  — Air  Cruisers 
AiRnearch  Aviation 
k  Service 


Three-dimensional  models  of 
components,  arranged  on  a  trans¬ 
parent  layout  board,  permit  rapid 
conversion  of  hand-wired  plug-in 
units  to  printed  wiring. 

The  method  reduces  time  re¬ 
quired  for  conventional  layout 
methods,  time  spent  in  sketching 
and  resketching,  arranging  tem¬ 
plates  and  drafting  side  views.  In 
the  conversion  pictured,  the  pack¬ 


aging  engineers  had  so  minimized 
waste  space  that  components  had 
to  be  stacked  very  closely  in  order 
to  stay  within  given  physical 
boundaries. 

The  layout  board  is  made  of  3 
inch  Plexiglas  with  an  overall  size 
of  12  by  14  inches.  Fixed  grid 
spacing  is  accomplished  by  drilling 
0.070  inch  holes  with  a  spacing  of 
0.4  inch,  a  total  of  589  holes.  Hole 
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^iPesearch  Manufacturing  Divisions 

Los  Angeles  45,  California  •  Phoenix,  Arizona 
Systems,  Packages  and  Components  for:  aircraft,  missile,  electronic,  nuclear  and  industrial  applications 
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ENGINEEmNG  REPRESENTATIVES:  AIRSUPPLY  AND  AERO  ENGINEERING.  OFFICES  IN  MAJOR  CITIES  ^ 


The  AiResearch  unit  shown  above  solves  another  critical  electronic 
cooling  problem  in  the  following  manner : 

The  larger  fan,  at  top  left  of  unit,  draws  cooling  ambient  air  through  the 
heat  exchanger.  Simultaneously,  the  smaller  fan,  at  bottom  center  of 
unit,  circulates  dense,  non-toxic  sulfur  hexafluoride  (SFt)  through  the 
heat  exchanger  and  over  the  electronic  equipment.  The  cooled  gas 
maintains  the  sealed  electronic  equipment  at  the  desired  temperature. 

The  20  by  24  inch  honeycomb  mounting  base  for  the  cooling 
components  is  designed  by  AiResearch  to  form  an  integral  part  of  the 
pressurized  electronic  equipment  container. 

This  cooling  package,  incorporating  standard,  proved  components, 
was  developed  by  AiResearch  in  minimum  time.  It  and  other  air  or 
liquid-cooled  units  for  similar  purposes  are  based  on  almost  20  years 
of  experience  in  the  development  of  cooling  systems  for  aircraft, 
missile  and  nuclear  applications. 

Send  us  details  of  your  problems  or  contact  the  nearest  Airsupply  or 
Aero  Engineering  office  for  further  information. 


Full  1 .5  kw  at  50,000  ft. 
ambient  pressure  altitude 
and  Inlet  conditions 
as  follows: 

TEMPERATURE:  10*C. 
AMBIENT  AIR  PRESSURE:  1.7  psia 
FLOW:  3.0  lb /min 

TEMPERATURE:  S5°C. 
CONTAINER  GAS  PRESSURE:  20  psia 
FLOW:  0.8  lb /min 


C00UN6 

CAPACITY 


I 


How 

SMALL 

do  you  want 
your 


Shift  Registers? 


•  low  power  consumption 

•  highly  reliable 

•  only  1  8  cubic  inch  per  binary  digit 

•  Engineered  for  printed  circuits 

•  Designed  for  severe  service  conditrons 

See  '  W/N/6/T"  shift  regis'ers  and  other 
fpsco  Components  at  IRE  Booth  2120 


Chances  ore  Epsco's  new  line  of 
MINIBIT"  miniaturized  shift  regis¬ 
ters  can  meet  your  specifications  to 
a  T.  Operating  rates  up  to  500  KC 
and  above  . . .  fully  encapsulated  . . . 
substantial  savings  in  weight  and 
space. 

Whatever  your  requirements  relating 
to  buffer  storage,  pulse  distribution 
or  other  *pulse,  digital  and  logic 
functions,  we  would  like  to  talk  to 
you  about  them.  Epsco  designs  and 
manufactures  a  wide  variety  of  tran¬ 
sistorized,  transistor-driven  and  tube- 
driven  shift  registers  and  magnetic 
logic  elements,  featuring  high  reli¬ 
ability,  low-power  consumption  and 
compactness. 

Custom  engineering  -  production  of 
electronic  components  (shift  regis¬ 
ters,  magnetic  logic  elements,  delay 
lines,  special  pulse  transformers,  plug¬ 
in  logic  elements,  etc.)  is  our  specialty. 
Write  for  Technical  Bulletin  #58-1. 

Epsco  Component$,Dept.R-308,108 
Cummington  St.,  Boston  15,  Moss. 


START  •  TO  -  F/NISH  cooperation 
...  an  Epsco  guarantee 
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Photograph  of  taped  layout  could  serre 
os  negative  for  printing  the  circuit 


Circuit  layout  prepared  irom  sketches 
lacks  clority  of  models 


New  Kit  Modifies 

Potentiometers  may  be  modified 
or  made  up  from  basic  units  with 
a  new  kit,  supplied  by  Micro-Lec- 
tric  Division,  Micro  Machine 
Works,  Inc.,  Roosevelt,  N.  Y.,  for 
use  on  precision  wire  wound  pots. 

The  kit  enables  pots  to  be  pre¬ 
pared  to  specifications  from  basic 
units  available  without  taps  or  buss 
bars,  permitting  quick  field  re¬ 
placements.  Pots  may  also  be  modi¬ 
fied  during  experimental  work  or 
to  satisfy  engineering  changes. 

The  kit  contains  100  tap  assem¬ 
blies,  25  silver  buss  bar  rings,  buss 
bar  cutting  fixture,  buss  bar  form¬ 
ing  die,  drill  jig,  electric  drill  and 
20  other  parts  needed  for  precision 
drilling  of  tap  holes  and  installa¬ 
tion  of  taps  and  buss  bars.  A  case 
is  provided. 

Potentiometer  is  first  placed  in 
nest  of  drill  jig  and  locked  in  place. 
Tap  drilling  position  is  located  by 
protractor  in  jig  base.  Taps  may 
be  spaced  within  1.5  degrees.  The 
tap  hole  is  drilled  through  a 
bushing. 

One-piece  precious  metal  taps 
with  color-coded  leads  are  inserted 
in  the  holes.  The  taps  are  depressed 
with  a  plastic  pick  so  that  their 
spring  pressure  holds  them  against 


spacing  tolerance  of  0.005  inch  per¬ 
mits  using  the  board  for  final  con¬ 
ductor  layout. 

Component  models  are  cut  from 
hardwood  doweling.  Many  compo¬ 
nents  fit  standard  dowel  sizes  and 
near  sizes  may  be  substituted  for 
odd  component  sizes.  Brass  welding 
rod  0.064  inch  in  diameter,  which 
is  easily  cut  and  shaped  by  hand, 
is  inserted  into  drilled  0.070  inch 
holes  to  represent  the  component 
leads. 

Successful  building  and  testing 
of  laboratory  models  justifies  con¬ 
fidence  in  the  layout  method.  Ac¬ 
tual  units  built  required  no  relay¬ 
out.  Cost  is  negligible  compared 
with  savings  rendered. 

Assembly  drawings  could  be  re¬ 
placed  by  a  photograph  of  the  final 
breadboard  layout.  The  negative 
used  for  printing  the  circuit  could 
be  made  from  the  tape  layout  on 
the  back  of  the  layout  board. 


Wire  Wound  Pots 


Tap  hole  is  drilled  through  bushing  alter 
pot  is  positioned  in  drili  Jig 


Tap  is  inserted  in  drilled  hole 
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front  view 


bottom  viow 


rhrM-fourfhi  ocfuof  size 


Once  again  Epsco  Components  scores  o  first .  .  .  o  completely 
transistorized  IjOKC  decimal  counter  unit  thot  offers  unique 
advantages  in  compactness,  light  weight,  and  low  power  input 
requirements.  Read-out  is  indicated  in  highly  legible  4^*  numerals 
on  o  tronslucent  panel.  The  mating  of  inherent  transistor  stabil¬ 
ity  with  reliable  circuit  design  guarantees  dependability  for  an 
indefinite  period.  EpsCo'sModel  CT-101  features  plug-in,  encap¬ 
sulated  flip-flops,  ond  is  fitted  with  a  9-pin  miniature  plug,  os 


well  as  a  9-pin  socket  providing  outputs  for  remote  indication 
purposes. 

Custom  engineering-production  of  electronic  components 
Ishift  registers,  mognetic  logic  elements,  delay  lines,  special 
pulse  transformers,  plug-in  logic  elements,  etc.l  is  our  specialty. 
Write  for  technical  bulletin.  See  Decode  Counter  and  other  Epsco 
Components  of  IKE  Booth  2120.  Epsco  Components,  Dept.  R-38 
108  Cummington  Si.,  Boston  15,  Moss. 


START  ■  TO  -  FINISH  cooperation 
.  .  .  an  Epsco  guarantee 
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Visit  us  at 

BOOTH  3229  •  IRE  SHOW 

MARCH  24-27  •  NEW  YORK  COLISEUM 
PHASE  METERS 

A  PRECISION  PHASE  MEASURING  INSTRUMENT 

MODEL  200  A 


DRILLED  HOLE 


COMMUTATOR- 


COIL  FORM 


TAP  IN 
POSITION- 


PLASTIC  PICK 
DEPRESSING  TAP- 


•  HIGH  ACCUIACY  •  MEASUIES  FROM  0  TO  360 
DEGREES  •  UAOINGS  NOT  AFFECTED  RY  NOISE 
AND  HARMONICS  •  PHASE  SHIFTS  OF  THE  ORDER 
OF  .01*  CAN  U.  MEASURED  EMPLOYING  SPECIAL 
CIRCUIT  TECHNIQUES  •  MEASURES  IN-PHASE  AND 
QUADRATURE  COMPONENTS  SEPARATELY 


Method  oi  eprlnqing  top  into  position 
against  pot  coll 


SPECIFICATIONS 

. —  2  degrees 


Accuracy. 


Rejection. 


.40  DB  down 
6  millivolts  full  Kole 
.20  to  20,000  C.P.S. 
.105-125  Volts,  60  C.P.S. 
.9x15x8  inches 


Sensitivity. 


Frequency  Range. 
Power  Supply . 


Dimensions. 


FOR  LABORATORY  AND  PRODUCTION  IMPEDANCE  TESTING 


•  TESTS  RESISTORS,  CONDENSERS,  INDUCTORS  • 
PERCENTAGE  DEVIATION  FROM  STANDARD  READ 
ON  LARGE  METER  •  RAPID  RESPONSE  -  NO  BUT¬ 
TONS  TO  PUSH  •  HIGH  ACCURACY  AND  STABILITY 

•  SELF  CALIBRATING  -  REQUIRES  NO  RECALIBRA¬ 
TION  WHEN  CHANGING  RANGES 


MODEL  1010 


SPECIFICATIONS 

Bridge  Supply  Volts . 

Component  Voltage  At  Balance . 

Frequency . Either  1,000  C.P.S. 

Full  Scale  Ranges . ±  5  % ,  d 

Component  Test  Ranges: 


Drill  extension  holds  drills  without  solder 
so  that  drills  may  be  changed  with  pair 
oi  pliers 


5  ohms  -  5  megohms 
50  mmf  -  20  mfd 
.100  microhenry  -  BO  henries 
.105-  125  volts,  60  C.P.S. 

.9  X  1 5  X  B  inches 


Resistance. 


Capacitance. 
Inductance... 
Power  Supply.. 


Dimensions. 


POWER  OSCILLATORS 


A  COMPACT  PRECISION  OSCILLATOR  PROVIDING  3  WATTS  OUTPUT 

MODEL  1 0^0  e  excellent  accuracy  and  stability  •  trans- 

FORMER  ISOLATED  OUTPUT  •  3  OUTPUT  IMPED- 
ANCES  •  LOW  INTERNAL  IMPEDANCE  •  OUTPUT 
VARIABLE  UP  120  VOLTS 


SPECIFICATIONS 

Frequencies . 400  or  1 000  C.P.S.  by  selector  twitch 

I  ether  frequencies  on  request) 

Distortion . Lett  than  1  % 

Hum  Level . Approximately  .05%  of  rated  output 

Output  Power...  3  watts  into  matched  resistive  load 
Power  Supply....1 15  volts,  60  C.P.S.,  40  watts 
Dimensions . 5-1 1/16x9x6%  inches 


Time  taken  to  install  live  tap*  in  this  pot 
is  reported  as  30  minutes 


the  coil  winding. 

The  miniature  drill  extension 
supplied  is  made  by  Ritmar  Corp., 
Huntington,  N.  Y.  Its  concentric¬ 
ity  is  reportedly  more  accurate 
than  soldered  drills.  Turning  a 
threaded  locking  sleeve  clamps  the 
drill  in  an  internal  holding  slot. 
Drills  are  changed  by  loosening  the 
sleeve  with  pliers.  The  extension 
has  a  uniform  outside  diameter  of 
J  inch,  which  fits  bushings  in  drill 

jig. 


Othor  Efocfronic  Test  Equipment 


For  furthor  information  contact  your  noarsst  roprossntativo  or  writs  for  brochuro 
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If  you  have  this  problem,  investigate 


13 


an  example  of  Phelps  Dodge  s 
realistic  approach 
to  Magnet  Wire  research 


THE  PROBLEM;  To  develop  a  solderable  film-coated  wire  without  fabric  for  winding 
universal  lattice-woimd  coils  without  adhesive  application. 

THE  SOLUTION ;  Phelps  Dodge  Grip-eze — a  solderable  film  wire  with  controlled 
surface  friction  for  lattice-wound  coils  that  provides  mechanical 
gripping  between  tvims  and  keeps  wire  in  place. 

]  \  AM  'Li::  Coils  wound  with  (a)  conventional  film  wire;  (b)  Grip-eze.  Note  clean 
pattern  of  Grip-eze  as  compared  to  fall-down  of  conventional  film  wire. 

Any  time  magnet  wire  is  your  problem,  consult  Phelps  Dodge 
for  the  quickest,  easiest  answer! 

VISIT  OUR  BOOTH,  NO.  4316-4518,  AT  THE  I.R.E.  SHOW 


FIRST  FOR 

LASTING  QUALITY 

—  FROM  MINE 

TO  MARKET !  | 

INCA  MANUPACTURINO  DIVISION 

^FORT  WAYNE.  INDIANA 
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NEW  PRODUCTS 


Unveil  New  P-C  Components 


CAMBRIDGE  THERMIONIC  CORP. 
Caromic  Coil  Forms 


Feature  Stable  Mounting 


Printed  circuits  are  part  and  parcel  of  the  ever  growing  trend  toward 
subminiaturization.  Components  for  these  circuits  must  be  made  to 
meet  requirements  of  size  and  mounting  stability. 

American-Monarch  Corp.,  81  N.E.  Lowry  Ave.,  Minneapolis,  Minn., 
(400),  announces  a  tiny  spdt  relay  designed  sp>ecifically  for  direct  appli¬ 
cation  to  p-c  boards.  Good  mounting  stability  is  maintained  by  wide 
spacing  of  the  silver  plated  pins.  Palladium  inlay  contacts  assure 
positive  contacting  of  dry  circuit  switching. 

Now  in  production  at  Cambridge  Thermionic  Corp.,  445  Concord 
Ave.,  Cambridge  38,  Mass.,  (401),  are  ceramic  coil  forms  available  with 
four  terminals  for  mounting  on  p-c  boards.  Suitable  for  high  tempera¬ 
ture  conditions  and  missiles,  they  are  also  equipped  with  the  Cambion 
Perma-Torq  locking  device  for  set  tuning.  Terminals  are  electro  solder 
plated  ready  for  dip  soldering. 

Hoffman  Electronics  Corp.,  930  Pitner  Ave.,  Evanston,  111.,  (402), 
introduces  microminiature  glass  Zener  diodes  for  circuits  where  mount¬ 
ing  space  is  at  a  minimum.  They  are  designed  for  clipping,  limiting, 
regulating  and  similar  applications. 

Connectors  with  bellows  action  contacts  have  been  developed  by 
Dejur  Amsco  Corp.,  45-01  Northern  Blvd.,  L.I.C.  1,  N.  Y.,  (403).  It 
is  possible  for  the  connector  to  accept  p-c  boards  that  can  vary  in 
thickness  from  in.  to  i  in.  Self-alignment  of  the  bellows  contacts 
allows  for  any  residual  warpage  of  the  p-c  board. 

Waters  Mfg.  Inc.,  Boston  Post  Road,  Wayland,  Mass.,  (404),  has 
available  a  Dialjxit  subminiature  |X)tentiometer  having  a  diameter  of 
i  in.  and  an  overall  length  of  i  in.  (including  calibrated  dial,  excluding 
terminals).  Terminals  are  located  on  a  standard  0.1  in.  grid  as  used 
in  printed  circuitry. 


B-Power  Supply 
compact  unit 

Sorensen  &  Co.,  Inc.,  Richards 
Ave.,  South  Norwalk,  Conn. 
Model  300B  wide-range  B-power 
supply,  a  new’  B-Nobatron,  utilizes 
printed  circuits  for  lightness, 
compactness  and  reduced  cost.  It 
features  parallel  or  scries  opera¬ 
tion,  external  sensing,  excellent 
regulation  and  stability,  and  low 
ripple.  It  pro\ides  a  regulated 
0-300  V  d-c  output  and  unregu¬ 
lated  6.3  or  12.6  v  a-c  filament 
outputs,  and  is  available  in  single 
or  dual  units  in  a  cabinet  or  for 
rack  mounting. 

The  front  panel  of  the  300-B 
has  a  4-position  power  and  meter 


For  more  information  use  READER  SERVICE  CARD 
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CHARACTM  DISPLAY 

cathode-Iay  tubes 


No  longer  is  it  necessary  to  put  all  your  eggs  in  one 
basket  when  it  comes  to  character  read-out  displays. 
Now  you  can  do  it  better,  and  more  economically,  with 
Du  Mont  cathode-ray  display  tubes  in  one  of  several 
commonly-known  systems.  Such  a  system  permits  the 
replacement  of  the  display  unit  alone,  eliminating  the 
very  expensive  replacement  of  integrated  tube  and 
generator,  and  at  the  same  time,  provides  these  out¬ 
standing  PLUS  FEATURES . . . 

•  Bright,  flickerless  display  —  permits  read-outs 
under  high  ambient  light  conditions.  No  annoy¬ 
ing,  low-frequency  flicker. 

•  Space-saving  —  greatest  screen  diameter-to- 
length  ratio.  Du  Mont  display  tubes  are  avail¬ 
able  in  5, 12, 15,  and  19-inch  screen  diameters. 

•  Versatility— variable  size  characters,  positioned 
anywhere  on  screen, 

•  Low  replacement  cost  —  the  generator  is  com¬ 
pletely  divorced  from  the  CRT.  For  replacement, 
only  the  cost  of  a  moderately-priced  tube. 

•  Speed  —  electrostatically-formed  and  electro- 
magnetically-positioned  characters  for  greatest 
speed  and  accuracy. 


INDUSTRIAL  TUBE  SALES,  ALLEN  B.  DU  MONT  LABORATORIES,  INC.,  2  MAIN  AVE.,  PASSAIC,  N.  J. 
BE  SURE  TO  VISIT  DU  MONT  AT  THE  IRE  SHOW  IN  NEW  YORK.  BOOTHS  3705,  3707 
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switch  with  off,  dc-off,  volts 
and  MA  settings:  a  voltnicter-mil- 
liammetcr;  an  output  voltage  con¬ 
trol;  d-c  and  a-c  output  terminals; 
and  external  sensing  terminals.  At 
the  rear  of  the  unit  are  a  3-prong 
input  line  cord,  a  plug  for  parallel 
operation  of  two  units,  two  fuses, 
and  another  set  of  output  termi¬ 
nals.  ^  ^ 


Electrical  characteristics  include 
positive  or  negative  output  voltage 
of  0-300  v  d-c,  0-150  ma  output 
current,  regulation  accuracy  of 
±  0.15  percent  or  ±  0.3  v,  which¬ 
ever  is  greater,  5  mv-rms  maximum 
ripple,  2.0  ohms  internal  imped¬ 
ance,  105-125  v  a-c  50/60  or  400 
^clc  input  range,  and  two  6.3-\' 
5-ampcrc  filament  voltage  circuits 


P-C  Connector 

in  four  small  sizes 


Elco  Corp..  M.  St.,  below  Eric 
Ave.,  Philadelphia  24,  Pa.  The 
6003  series  answers  the  need  for  a 
microminiature  printed  circuit 
connector  with  0.078  in.  spacing 
between  printed  circuit  contact 
lines.  It  comes  in  four  sizes  with 
14,  21,  31  and  37  contacts,  which 
are  made  of  bervllium  copper, 
siher  plated  or  gold  plated.  The 


connector  is  designed  to  receive 
a  A  in.  board  with  commercial 
tolerances  of  ±  0.0075  in.  Design 


which  may  be  connected  in  series  \ 
or  parallel. 

A  single  300-B  in  a  cabinet  is  j 
104  in.  wide  by  94  in.  high  by  ; 
1211  in.  deep.  A  dual  cabinet  unit  i 
is  19  in.  wide.  The  single  or  dual  | 
rack  mounted  types  are  84  iu»  J 
high.  Weight  of  a  single  cabinet  j 
unit  is  29  lb.  Circle  405  on  | 
Reader  Service  Card.  \ 


of  the  contact  guarantees  low  con-  t 
tact  resistance  at  all  board  thick-  j 
nesses  with  no  change  after  a  thou- 
sand  insertions  and  withdrawals. 
Castings  arc  made  of  glass-filled 
diallyl  phthallate.  They  have  very 
close  tolerances  and  are  stable 
under  wide  ranges  of  temperature 
and  humidity.  The  contact  tails 
have  wire  holes  for  soldering  wires 
to  it.  A  polarizing  tab  can  be 
inserted  at  any  contact  location. 
Circle  406  on  Reader  Service 
Card. 


Magnetic  Amplifier 

low-level  unit 


Airpax  Products  Co.,  Middle 
River,  Baltimore  20,  Md.  Preac 
amplifiers  are  a  new  line  of  high 


Digitronics  Corp.,  Albertson  Ave., 
Albertson,  L.  I.,  N.  Y.  The  new 
compact  Dykor  paper  tape  reader 
provides  all  the  advantages  of  strip 
and  reel  feed  by  combining  both 
in  one  unit.  Manual  access  time  is 
reduced  appreciably  because  short 
programs  require  no  splicing,  no 
tape  switch  is  required  to  locate  a 
desired  block,  and  program  filing  is 
simplified.  It  stops  within  one  char- 


sensitivity  magnetic  amplifiers. 
Sjxjcifically  designed  as  preampli¬ 
fiers  for  such  data  sensing  devices 
as  thermocouples,  strain  gages, 
bolometers,  and  electrometers, 
these  low-level  units  produce  full 
output  with  inputs  of  fractions  of 
microwatts.  I’hrce  standard  types 
provide  power  gains  rated  to  be 
greater  than  54  db,  60  db,  or  51 
db.  As  little  as  0.0026  fiw  input 


acter  at  a  reading  rate  of  600 
characters  per  sec  and  within  two 
characters  at  750  characters  per  sec 
because  of  a  special  braking  system. 

The  tape  is  set  in  motion  when 
a  solenoid  operates  a  pressure  roller 
to  squeeze  the  tape  against  a  con¬ 
tinuously-rotating  capstan  in  a 
wringer-like  action.  Two  oppositely- 
rotating  capstans  allow  the  tape  to 
be  driven  in  either  direction,  with 


produces  full  output  of  4  v  into  a 
5,000-ohm  load.  Null  drift  does 
not  exceed  0.1  fta  under  this  con¬ 
dition. 

Preae  amplifiers  arc  rated  for 
operation  from  400  ±  40  cps 
power  lines  at  115  ±11  rms  volts. 
Thev  draw  less  than  2w  of  power, 
which,  for  lowest  null,  should  be 
free  of  even  harmonics.  These 
amplifiers  accept  d-c  polarity  re¬ 
versible  input  signals  and  deliver 
unfiltcred  d-c  polarity  reversible  out-  ^ 
puts.  Circle  407  on  Reader  Serv-  j 
ice  Card.  "  j 


Paper  Tape  Reader 

strip  and  reel  feed 
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MatMtIc 

niermocouplt 

Converter 


Mafnetic 

Input 

Modulator 


IMM -436-2 


IMM -436-3 


MTC -435-2 


ExcKatione  Frequency-Carrier 


400  cps 


400  cps 


400  cps 


Sicnal  Winding 
DC  Resistance 


1000  ohms  ±15% 
each  slfnat  winding 


1000  ohms  ±15% 
each  signal  winding 


10  ohms  ±15% 


AC  Excitation  Volts 


5.5  V.  9  400  cps 


2.5  V.  9  400  cps 


6  V.  RMS 


Input  DC  Signal  Range 


0  to  ±100  xa. 


0  to  ±80  xa. 


0  to  ±10  mv. 


AC  Output  Range 


0  to  2.2V.  9  400  cps 
(sine  wave) 


0  to  1.5V.  9  400  cps 
(sine  wave) 


0  to  2.7V.  9  400  cps 
(sine  wave) 


Overall  Dimensions  (Inches) 


27/32x27/32x1  5/16 


27/32x27/32x1  3/16 


1  l/4x7/8xS/8 


Null  Amplitude  (Noise  Level) 


20  mv.  RMS 


15  mv.  RMS  max. 


25  mv.  RMS  max. 


Output  Impedance 


7000  ohms 


7000  ohms 


10,000  ohms 


Miniaturization  of  the 
new  Magnetic  Modulator 
makes  it  possible  to  m 
corporate  this  conipo 
nent  into  water  type 
structures  and  transis 
torized  printed  circuit 
assemblies  without  sacri¬ 
ficing;  ruggedness  or 
reliability 


CONSULT  GENERAL 
MAGNETICS  on  magnetic 
amplifier  components  for 
automatic  fligtu  fire  con 
trol,  analog  computers, 
guided  missiles,  nuclear 
applications,  antennas, 
gun  turrets,  commercial 
power  amplifiers  and 
'  Omplete  control  sys¬ 
tems.  Call  or  write  for  Cat 
■  log  B  on  miniature  and 
standard  components 


There  is 
No  Substitute 
for 

Reliability  — 


esNEVy; 


All  Magnetic  Modulators 
strictly  conform  to  MIL 
T  27A.  Some  typical  cir 
cult  applications  for 
Magnetic  Modulators  are 
algebraic  addition,  sub 
traction,  multiplying, 
raising  to  a  power,  con 
trolling  amplifier  gams, 
mechanical  chopper  re 
placement  m  DC  to  fun 
da  mental  frequency 
conversion,  filtering  and 
low  signal  level  amplifi 
cation 


MAG  MOD 


Eapcciaily  Enginaarad  for  Printad  Circuit  Wafar 
Daaignad  Structuraa  and  Circuit  Aaaambliaa  Featuring: 


FASTER  RESPONSE  TIME 


NEGLIGIBLE  HYSTERESIS 
EXTREME  STABILITY 

(Ambient  Temp.  Range  from  — 65X  to  -  135  C) 

OM  PACT  SIZE  -  ' 

IGHTWEIGHT 
NFINITE  LIFE 
jb^COMPLETE  RELIABILITY 


c 


Null  Drift  (In  t•r^1«  of  input 
sicnon  -65*C  to  -I-IOOX 


xO.o  M*  max 


±0.5  M*  max. 


±0.1  mv.  max« 


Hyatoroaia  <»  %  of  maximum 
input  aignal 


0.5%  maximum  I  0.5%  maximum  I  0.5%  maximum 


Typo  of  Mounting 


Male  Stud 


Femalo  Inaort 


15% 


1.2  oz. 


Male  Stud 


20% 


1.5  oz. 


Maximum  %  DlatorHon 
In  Output 


25% 


wolght  Ouncoa 


13  oZw 


GENERAL  MAGNETICS  •  INC. 

135  BLOOMFIELD  AVE.,  BLOOMFIELD.  NEW  JEBSEY 


r 


starting  time  less  than  5  millisec. 
Thus  by  using  the  reverse  feed  con¬ 
trol,  programs  requiring  rep>eat  feed¬ 
ings  proceed  more  rapidly.  To  stop 
tape  motion,  the  driving  solenoid  is 
released,  and  the  stop  solenoids  are 
actuated. 


All  standard  5,  6,  7  or  8  level 
tapes  (plus  sprocket  hole)  are  han¬ 
dled  and  fi  in.,  i  in.  or  1  in.  wide 
tape  can  be  used  interchangeably. 
Safeguards  provided  are  end-of-tape 
sensing  and  tape-break  sensing, 
with  an  interlock  preventing  opera¬ 


tion  if  the  tape  is  improperly 
threaded.  Photoelectric  sensing 
makes  fast  reading  possible. 

Another  feature  is  complete  re¬ 
mote  control  including  forward,  re¬ 
verse,  stop  and  sjjeed  change.  Circle 
408  on  Reader  Service  Card. 


Recording  Test  Unit 

uses  semiconductors 


Navigation  Computer  Corp., 
1621  Snyder  Ave.,  Philadelphia  45, 


Pa.  A  complete  read-write  test  sys¬ 
tem  for  magnetic  tape  or  drum 
memories,  measuring  11  in.  high, 
by  11  in.  wide,  by  9  in.  deep,  is 
available.  Individual  units  are  en¬ 
tirely  transistorized,  and  printed 
circuit  techniques  are  utilized 
throughout,  resulting  in  excellent 
reliability,  small  size  and  low 
power  requirements. 

1’he  modular  units  pictured  are, 
from  top  to  bottom,  a  10  bit  shift 


register  for  parallel-to-serial  conver¬ 
sion  of  incoming  data  or  serial-to- 
parallel  conversion  of  outgoing 
data,  a  10  channel  NRZ  write- 
ampliher,  a  10  channel  NRZ  read- 
amplifier,  and  a  regulated  power 
supply. 

I’hese  units  are  compatible  with 
all  other  units  in  the  line  of  the 
company’s  transistorized  pulse  pro¬ 
gramming  equipment,  and  may  be 
combined  with  over  40  functional 
units  for  digital  data  processing  and 
data  storage.  Circle  409  on  Reader 
Service  Card. 


Zener  Diodes 

sixty-four  types 

International  Rectifier  Corp., 

1521  E.  Grand  Ave.,  El  Segundo, 
Calif.,  introduces  a  complete  line 
of  silicon  Zener  voltage  regulator 
and  reference  diodes  comprised  of 
a  series  of  types  in  each  of  seven 
styles.  The  listing  of  64  tvpcs  in¬ 
cludes:  miniature  types  rated  at 
500  mw,  standard  top-hat  style 
with  pigtail  leads  rated  at  1  vv, 

3.5  and  10  w  h'pes  featuring  stud 
construction,  double-anode  tvpcs 
rated  at  350  mw,  5  w  multiple 
junction  h-v  types  and  the  1N430, 


available 


1N430A  and  1N430B  reference 
element  types. 

All  diodes  in  this  group  arc  de¬ 


signed  and  manufactured  to  meet 
the  most  rigid  military  specifica¬ 
tions.  High  temperature  operation 
(—65  C  to  -f  150  C)  and  high 
load  current  capacity  result  from 
a  most  advanced  thermal  design. 
Sharp  reverse  breakdown  charac¬ 
teristics  provide  the  means  for  ob¬ 
taining  stable  voltage  regulation 
over  a  wide  operating  range.  Me¬ 
chanical  features  such  as  all-weldcd 
construction  and  hcnnetic  sealing 
assure  long  term  reliability. 

As  a  technical  service  to  the  de¬ 
sign  engineer,  an  x-y  plot  of  the 
reverse  breakdown  characteristics 
is  supplied  with  each  diode.  Circle 
410  on  Reader  Service  Card. 


Voltage  Regulator 

all-purpose  unit 


Sorensen  &  Co.,  Inc.,  Richards 
.\ve..  South  Norwalk,  Conn. 
Model  APRIOIO  is  a  tubeless  all¬ 
purpose  a-c  voltage  regulator  with 
wide  flexibility  of  operation.  It 
can  be  used  to  regulate  average 
and  peak  voltages  as  well  as  rms, 
independent  of  input  waveform. 
By  simply  turning  a  switch,  the 
regulator  output  can  be  matched 


21(r 


to  the  special  requirements  of  the 
load. 

It  provides  five  different  sensing 
arrangements:  internal  (normal 

a-c  regulation),  external  a-c  (anv 
a-c  voltage),  remote  (115  v  a-c  at  a 
remote  location)  constant  current, 
and  d-c.  Terminals  are  provided 
at  the  rear  of  the  'unit  to  enable 
the  0.1  percent  a-c  load  regulation 
accuracy  to  be  held  at  a  remotely 
located  load.  This  feature  also 
enables  load  voltages  other  than 
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Microwave 
comparator 
gives  VSWR 


Reflected 
wave  sample 


Transmitted 
wave  sample 


Reflection 


Transmission 


Input 


New  high-directivity 
^-directional 
couplers 


Frequency  Range  (kmc) 
Waveguide  Type  (AN) 
Waveguide  Size 
Waveguide  Flanges 
Weight 


2.60-3.95 
RG-48  U 
3"  X  1'  2" 
UG-214  U 
18  lbs 


3.95-6.00  3.2-12.4 

RG-49  U  RG-52  U 

2"xl’' 

UG-149A  U  UG-39  U 
9.1  lbs  2  lbs 


Dimensions 


48^8"x9''«”  31".."  X  7"«"  18V- X  3 
X  8’.."  X  5'  2"  X  2^8" 


Featunng  two  opposing  couplers  m  a  single  waveguide  MICROWAVE  ELECTRONICS  DIVISION 
unit,  Sperry  s  new  Microlme®  Bi-Directional  Couplers 
provide  complete  coverage  of  waveguide  frequency 

ranges.  They  are  designed  for  VSWR  measurements  and  Pill  II II V  JBKMCAMUT 

continuous  monitoring  in  combination  with  ratiometer,  QPPIlll  W  vfaUQbUn 

comparator,  barretter  mounts  or  other  detectors,  ^|  I  11 1|  "  Great  Neck,  New  York 

Three  models  cover  S,  C  and  X  bands,  with  uniform 

coupling  (lOdb  ±  0.5)  and  high  directivity  (40db)  for  DIVISION  OF  SPERRY  RAND  CORPORATION 

accurate  coupling  calibration.  If  you’d  like  more  infor-  Brooklyn  •  Cleveland  •  new  Orleans  •  LOS  ANGELES* 

mation  on  the  Sperry  couplers  shown  here,  write  our  Seattle  •  san  francisco.  in  canada:  sperrvgyrosbope 

Microwave  Electronics  Division  for  latest  data  on  direc¬ 
tional  couplers.” 

Visit  our  booths  1416-1422  at  1958  Radio  Engineering  Show,  March  24-27, 


COAXIAL  DIRECTIONAL  COUPLERS 


Used  to  monitor  system  power  output 
and  to  provide  local-oscillator  or  test- 
signal  injection  into  receivers.  Feature 
very  low  variation  in  coupling  over  2-to-l 
frequency  range.  Directivity  is  kept  high 
by  frequency-sensitive  compensation. 


BRANCH-GUIDE  DIRECTIONAL  COUPLERS  I  CROSS-BUIDE  DIRECTIONAL  COUPLERS 


Serve  as  decoupling  and  isolating  wave¬ 
guide  sections,  with  negligible  effect  on 
other  system  components.  Offer  high 
directivity  and  uniform  coupling  over  full 
frequency  range.  Can  be  permanently 
installed  in  system  transmission  line. 


Designed  to  operate  as  space-saving 
one-way  power  monitors  in  waveguide 
transmission  lines.  For  measuring  power, 
VSWR  and  receiver  sensitivity.  Directiv¬ 
ity  is  high  and  coupling  is  uniform  over 
40%  frequency  range. 
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CEnter  9-3000 


110-120  V  to  be  accurately  regu¬ 
lated  by  means  of  an  external 
matching  transformer,  without 
disturbing  the  regulator  wiring. 

Other  terminals  at  the  rear  of 
the  APR  1010  allow  it  to  be  used 
as  a  d-c  controller.  Full-wave  ca¬ 
pacity-input  d-c  power  supplies 
can  be  regulated  to  an  accuracy  of 
0.1  jxjrcent. 

The  APRIOIO  features  3  per¬ 
cent  maximum  harmonic  distor¬ 
tion,  0.2  sec  reco\ery  with  line 
changes  and  0.1  sec  recovery  with 
load  changes;  ±0.1  percent  regu¬ 
lation  accuracy'  with  line  or  load 
changes;  rapid  starting;  0.04  per¬ 
cent  drift  in  24  hours  and  0.1  per¬ 
cent  drift  in  1,000  hours.  Circle 
411  on  Reader  Service  Card. 


Ratings  up  to  12  Amps! 


•  Ideal  for  Battery  Substitution  e  Motor  and  Relay  Control 

•  Computers  e  Television 

•  Life  Testing  Rocks  e  All  High  Current  Laboratory  or 

•  Transistor  Biasing  e  Industrial  Applications 

The  high  current  transistorized  power  supplies  first  introduced 
by  ERA  has  important  features  not  available  in  later  imitations: 


e  Continuously  Variable  Output 
e  Fast  Transient  Response 
e  Low  Output  Ripple 
e  Positive,  Negative,  Zero 
percent  Regulation  Control 
e  Line  Frequency  Insensitive 
e  Remote  Sensing 
e  Constant  Current  Overload 
Protection 


e  Positive  or  Negative  Outputs 
Ungrounded 

e  Terminals  on  Front  and  Rear 
e  Hinged  Panel  forfull  Accessibility 
e  High  Efficiency 
e  Low  Heat  Dissipation 
o  Compact,  Light  weight 
e  Instant  Warm-up  Time 
e  Moderately  Priced 
TYPICAL  STOCK  MODELS 


Waveguide  RSWI 
small  and  compact 

Polytechnic  Research  &  De¬ 
velopment  Co.,  Inc.,  202  Til- 
larv  St.,  Brooklyn,  N.  Y.  The  new 
wa\’eguide  rotary  standing  wave  in¬ 
dicator  greatly  simplifies  the  meas¬ 
urement  of  vswr,  reflection  co¬ 
efficient  angle,  hence  impedance, 
in  the  low  frequency  range. 

Operating  by  means  of  a  probe 
rotating  in  the  plane  of  circular 
polarization  of  a  wa\eguide,  the 
wa\eguide  RSWI  pro\ides  a  non- 
ambiguous  read-out  of  the  sign  of 
reactive  components.  Small,  com¬ 
pact  and  lightweight  with  an  in¬ 
sertion  length  of  onlv  10  in.,  it 
eliminates  the  need  for  bulky 
slotted  sections  or  reflectometers 
in  the  large  waveguide  sizes.  It  is 
a\ailable  in  a  wide  selection  of 
wa\eguide  sizes  from  WR-650  to 
WR-4200.  If  desired,  the  rotating 
probe  can  be  motor  dri\en  for  re¬ 
mote  operation  and  to  provide  an 


*Typical  Values,  adjustable  to  zero  or  negative. 

Models  listed  ore  stock  units.  Other  designs  available  to 
customer  specifications.  Write  for  quotation. 


Pioneen  in  Semi-Conductor  and  Transistorized  Products. 

first  MinioturUed  Power  Pocks.  First  Tronsistor  Application  Power  Supplies. 

First  Transistorized  Power  SuMlies.  First  Constant  Current  Geperotors. 

First  Automatic  Transistor  Test  equipment.  First  Hi^  Current  Semi-Conductor  Reuuloted  Supplies. 

First  Dual  Output  lubeless  Supplies.  First  "E"  Core  Transistorized  Converters/invertors. 

First  Pockoged  Transii||or  Circuits.  First  Hij^  Power  Semi-Conductor  Frequency  Changers. 

Memrfectvred  at  IRA'e  New  end  Larger  fetiHltee _ 
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Model 

Number 

V  oltage 
VDC 

Current 

Amps. 

Output  DC 

R  (ohms) 

Price 

FOB  Factory 

TR32-4 

6-32 

0-4 

O.Ol* 

3375.00 

TR32-S 

6-32 

0-8 

0.006* 

$410.00 

TR32.12 

6-32 

0-12 

0.002* 

$495.00 

TRISO-I 

20-150 

0-1.0 

0.1 

$425.00 

TR300-1 

170-300 

0-1.0 

0.2 

$605.00 

Not  in  books  nor  tables  nor  scales  nor  what«you-will  can  the  above 
equation  be  found.  For  it  is  an  equation  based  on  what  the  men  of 
Elco  can  create-in-the-mind,  translate-into-actuality  and  prove-in* 
application.  It  is,  in  a  word,  the  engineered  answer  to  your  specific 
problem;  and  can  be  found  in  such  new  and  reliability-proven  com¬ 
ponents  as  you  have  come  to  know  and  see  pictured  here. 

The  equation  above  represents  Brain  Power,  plus  Ingenuity  times 
Experience  to  the  Nth  power,  divided  by  infinity.  And  the  result  is 
the  square  root  of  many  design  problems  and  operating  charac¬ 
teristics.  Characteristically,  too,  you  must  certainly  find  the  answer 
to  yours  among  Elco's  quality  line.  Come  to  know  it  well. 

SEC  US  AT  BOOTH  2334  IRE  SHOW 


ElCa.PACIHC  "B"  SERIES 


E.  C.  Varicon  connector  for  plug¬ 
ging  modulo  boards  porpondicu- 
larly  into  mother  board.  Designed 
for  miniaturization  with  .100"  con¬ 
tact  spacing.  For  any  number  of 
contacts  and  any  pattern.  Write 
for  Bulletin  108. 


POWER  TRANSISTOR  SOCKETS 


Designed  to  mate  with  Bendix  Red 
Bank  Power  Transistor  type 
^2N234,  or  other  similar  Power 
Transistors.  Write  for  details. 


Subminiature  Varicon  connector. 
48  double-tier  with  honeycomb 
insulator  shown.  Other  single  and 
double-tier  models,  8  to  80  con¬ 
tacts.  Write  for  Bulletin  107. 


Coble  or  chassis  type  connector 
for  light  duty.  Designed  for 
audio,  tv,  geophysical  and  re¬ 
lated  use.  2,  3,  4,  5,  6  ar  B  con¬ 
tacts.  Current  rating  up  to  30 
amps;  vohage,  2000  volts  RMS. 
Female  member  hat  latch  lech 
for  fast  coupling  and  guaranteed 
locking.  Fully  interchangeable 
orith  comparable  units.  Write  for 
details. 


IF  irs  NEW. ..IF  irs  NEWS 


rrs  FROM 


STREET  BELOW  ERIE,  PHILADELPHIA  24,  PA.,  Cumberland  9-5500 
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HOW 

BORG  EQUIPMENT  DIVISION 

CAN  HELP  YOU 


Our  business  is  helping  to  solve 
design  and  production  problems 
in  me  use  of  components  for  the 
highly  specialized  electronics  indus¬ 
try.  Bora’s  background  provides 
the  experience  necessary  to  design 
and  produce  various  types  of  com¬ 
ponents  for  you  .  .  . 

MICROPOT*  POTENTIOMETERS 
Borg  Micrbpots  offer  a  wide  range 
of  high-precision,  single-turn,  multi- 
turn  and  trimming  potentiometers. 
*Registered  trademark  of  The 
George  W.  Borg  Corporation. 

MICRODIALS 

Direct  Reading  Microdials  and  Con¬ 
centric  Scale  Microdials. 

INSTRUMENT  MOTORS 
Rugged,  dependable  Borg-Motors 
are  designed  for  quality  instrument 
applications. 

AIRCRAFT  INSTRUMENTS 

Instruments  for  commercial  and 
military  aircraft. 

FREQUENCY  STANDARDS 
To  meet  your  requirements  in  Fre¬ 
quency  Sundards  for  military  or 
industrial  applications. 

TEST  EQUIPMENT 
FOR  AUTOMATION 
Invaluable  experience  with  auto¬ 
matic  testing  equipment  is  yours 
when  you  call  on  Borg. 

Save  time  and  money  when  faced 
with  design  or  production  problems 
of  electronic  components.  Call  on 
Borg.  Let  us  send  you  the  name  of 
your  nearest  Borg  "Tech-Rep”  and 
a  copy  of  catalog  BED-A90  today. 


OTHER  BORG  DIVISIONS 


The  George  W.  Borg  Corporation 
is  comprised  of  three  divisions  .  .  . 
the  Borg  Equipment  Division  at 
Janesville,  Wisconsin,  the  Borg 
Fabrics  Division  at  Delavan,  Wis¬ 
consin  which  manufactures  the 
fashionable  "Borgana”  fabric  for 
coats  and  jackets  and  the  Borg 
Products  Division  at  Jefferson,  Wis¬ 
consin,  leading  manufacturer  of 
automotive  clocks. 


BORG  EQUIPMENT  DIVISION 

THE  GEORGE  W.  lORG  CORPORATION 
JANESVILLE.  WISCONSIN 


oscilloscopic  presentation  of  vswr. 

Other  features  are  low  residual 
vswr— less  than  1.03;  high  accuracy— 
±2  deg  maximum  error  in  meas¬ 
urement  of  reflection  coefficient 
angle  with  pure  reactive  load;  high 
sensitivity— detects  as  little  as  5 
mw  in  the  main  waveguide;  high- 
jxjwer  application— permitted  by 
adjustable  coupling  to  detector; 
full  frequency  range— each  w'ave- 
guidc  band  can  be  fully  covered; 
adaptability  for  remote  operation 
—because  of  the  simple  rotary  mo¬ 
tion  imohed.  Circle  412  on 
Reader  Service  Card. 


A-F  Attenuator 
substitution  unit 

Weinschei.  Engineering,  10303 
Metropolitan  Ave.,  Kensington, 
Md.  Model  CF-1  a-f  substitution 
attenuator  is  intended  for  measur¬ 
ing  r-f  power  ratios  in  svstems  em¬ 
ploying  modulated  r-f  power  sources 
and  square-law  r-f  detectors.  In 
such  svstems  the  audio  voltage  out¬ 
put  from  the  detector  is  propor¬ 
tional  to  the  r-f  power  input.  It  is 
necessary,  therefore,  to  substitute 
audio  attenuation  equal  to  two 
times  the  change  in  r-f  attenuation, 
all  attenuation  in  decibels.  Hiis 
precision  audio  attenuator  reads,  in 
decibels,  the  change  in  r-f  attenua¬ 
tion. 

The  a-f  attenuator  has  a  charac¬ 
teristic  impedance  of  2,000  ohms 
and  is  adjustable  over  a  range  of 
104  db  audio  attenuation  corre¬ 
sponding  to  52  db  r-f  attenuation. 
A  \ery  linear  cathode  follower 
dri\es  the  attenuator,  providing  a 
high  input  impedance  to  the  unit. 
ITie  attenuator  is  terminated  inter¬ 
nally  and  designed  for  use  with  a 
moderately  high  impedance  output 
indicator.  Circle  413  on  Reader- 
Service  Card. 


Ceramic  Coil  Forms 
5  standard  sizes 

N.vtional  Co.,  Inc.,  Malden  48, 
Mass.  Designed  for  both  military 
and  commercial  applications,  a 
new  line  of  ceramic  soil  firms  is 
comprised  of  5  standard  sizes,  each 
axailable  with  or  without  terminal 
collars;  each  terminal  collar  ac¬ 
cepting  up  to  four  terminals  per 
collar.  All  materials  used  are  in 
accordance  with  MIL-specs.  An 
internal  pre-set  torque  spring  posi¬ 
tions  and  locks  the  adjusting  cores 
thus  keeping  coils  tuned  as  set, 
even  under  severe  vibration  and 
shock.  Circle  414  on  Reader  Serv¬ 
ice  Card. 


SSB  Tube 
new  ratings 

Amperex  Electronic  Corp.,  230 
Duffy  Ave.,  Hicksville,  L.  1.,  N.  Y., 
has  available  new,  ssb  ratings  on 
the  type  6076  tube  for  new  designs, 
equipment  conversion,  and  for  in¬ 
creasing  present  power  output  of 
linear  amplifiers. 

In  the  2  to  5  kw  envelopes  power 
range,  the  6076,  a  compact  forced- 


CIRCLE  183  READERS  SERVICE  CARD 


March  14,  1958  —  ELECTRONICS  engineering  edition 


BORG  MICROPOTS... 

the  Ultimate  in  Multi-Turn  Precision  Potentiometers 


Borg  offers  a  complete  line  of  high-precision,  linear  potentiometers 
called  MICROPOTS.  Precision  is  Borg’s  business  .  .  .  that’s  why 
MICROPOTS  offer  so  many  exclusive  advantages.  Superior  design  and 
production  methods  make  Borg  MICROPOTS  available  in  any  quantity. 
Write  today  for  the  name  of  your  nearest  Borg  Jobber  or  "Tech-Rep.” 


1 100  Series 
MICROPOTS 

A  precision  MICROPOT  that  offers 
your  products  a  price  advantage  in 
today’s  competitive  markets.  Lug  or 
lead  type  terminals.  Accurate  .  .  . 
dependable  . . .  long  lived. 


900  Series 
MICROPOTS 


205  Series 
MICROPOTS 


Standard  ten-turn  and  three-turn 
models  to  fit  most  special  design  needs. 
Extremely  accurate  and  dependable 
under  adverse  environmental  con¬ 
ditions  including  severe  vibration 
and  shock. 


A  quality  MICROPOT.  Designed  for 
both  military  and  commercial  appli¬ 
cations.  Proven  in  many  different 
mobile  and  stationary  types  of  elec¬ 
tronic  circuitry. 


\  ]  990  Series 
I  1 1  Trimming 

*  *  *  MICROPOTS 

Small  in  size,  lightweight,  rugged  and 
dependable.  Three  types  of  terminals 
. . .  printed  circuit,  solder  lugs  or  in¬ 
sulated  wire  leads. 


WRITE  FOR  COMPLETE  ENGINEERING  DATA  •  CATALOG  BED-A90 


BORG  EQUIPMENT  DIVISION 

THi  aiOROi  w.  Boae  coarocATioN 

JANItVIlLI,  WItCOMSIN 


a/motorT^Q 

^  MICROPOTS 
MICRODIALS 
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ELECTRONIC 


i9.18  definitely  promises  to  exceed  the  record¬ 
setting  volume  of  our  Electronics  and  Avionics 
Division  last  year.  And  we  are  not  overly  optimistic  at  all  in 
our  plans  to  double  these  figures  during  the  next  few  years. 

Emerson  Electric,  a  leading  medium-size  manufacturer  of  mis¬ 
siles  and  electronic  equipment,  has  a  firmly  outlined,  long-range 
expansion  program.  Our  plans  require  broadening  our  organ¬ 
izational  structure  immediately.  This  has  opened  unusual  career 
opportunities  with  complex  challenges. 

We  emphasize  research,  design  and  development,  and  maintain 
a  strong  balance  in  production  work.  Current  projects  include 
the  B-58  fire  control  system,  mortar  locators,  radar  components 
and  assemblies,  servomechanisms,  missiles  and  rockets,  ground 
support  equipment,  microwave  antennas,  F-101  Voodoo  subsystems, 
plus  many  other  classified  electronic  devices  for  the  supersonic  era. 

These  positions  require  an  E.E.  degree  plus  4-6  years’ 

*  experience  in  electronics.  Experience  must  include  elec¬ 
tronic  design  work  in  any  of  the  following:  servomecha¬ 
nisms,  radar  systems,  analog  or  digital  computers,  fire  control 
systems  or  ground  support  equipment.  Missile  guidance 
and/or  infra-red  experience  will  be  helpful  but  is  not 
essential. 

Emerson  Hectric  is  a  well-established  dynamic  organization 
with  900  engineers  and  5000  employees.  Salaries  and  benefits, 
including  advanced  education,  are  top  level.  Our  suburban  location 
is  ideal  in  every  way.  All  moving  expenses  are  fully  paid. 

Be  sure  to  send  your  complete  resume  NOW,  including  business 
experience,  education  and  salary  requirements,  to  A.  L.  Depke. 


Your  Future  Is  Our  Business! 


Electronics  and  Avionics  Division 

8100  W.  Florissant  •  St.  Louis  21,  Mo. 


air  cooled  tetrode  with  a  3  kw'  dis¬ 
sipation  rating,  provides  a  range  of 
powers  hitherto  only  generated  by 
paralleling  a  number  of  smaller 
tubes  or  under-rating  larger  ones. 

Data  are  asailable  on  the  use  of 
the  6076  as  a  ssb  amplifier  that 
gives  38  db  third  and  fifth  order 
distortion  products  without  r-f  or 
entelojx;  feedback  in  the  3  to  30 
me  range.  Circle  415  on  Reader 
Service  Card. 


Silicon  Rectifiers 
axial  leads 

Sarkes  Tarzian,  Inc.,  415  College 
-Ave.,  Bloomington,  Ind.  Type  K 
silicon  rectifiers  feature  750  ma  to 
55  C  (no  heat  sink).  They  provide 
axial  lead  mounting.  Mass  produc¬ 
tion  results  in  sery  low  prices  to 
allow  wide  commercial  application. 
The  K  series  incorporates  a  positive 
en\ironmental  seal  with  special 
epoxy  resin.  Polarity  is  identified 
by  color  coded  resin  at  each  end. 
Voltage  ratings  are  100,  200,  300 
and  400  v  peak  inverse.  Circle  416 
on  Reader  Service  Card. 


Tantalum  Capacitor 
solid  electrolyte 

Minitronics  Corp.,  328  Grand 
St.,  New  York  2,  N.  Y.  Type  TQ 
subminiature  tantalum  electrolytic 
capacitor  is  a  metal  cased  hermeti- 
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for  an  extensive  range  of 
military  A  industrial  applications 

Select  the  Beta-range  best  suited  for  your  re¬ 
quirements.  Both  units  are  supplied  to  the 
same  stringent  specifications  and  are  avail¬ 
able,  now,  in  quantities  at  sensible  prices. 

use  wherever  high-voltage 
power  transistors  are  required. 

e  Magnetic  amplifiers 
e  DC  converters  and 
other  switching  service 
e  All  audio  amplifiers 
e  Motor  controls 
e  Power  supply  regulators 
e  Line  voltage  regulators 
e  Servo  amplifiers 


COLLECTOR  CURRENT  (lg),AMPS 

SAMPLE  ORDER  2  EACH  OF  2  TYPES -$25.00 

available  from  your  local  Motorola 
distributor  or  from  the  Phoenix  factory. 

FOR  COMPLEH  TECHNICAL  DATA 

concerning  these  and  other  performance-provei. 
AAotorola  ^miconductors— write,  wire 
or  phone.  Motorola,  Inc.,  5005  East  McDowell 
Road,  Phoenix,  Arizona.  BRidge  5-441 1 . 
Teletype  PX  80. 


DiPtNDABLt  QUALITY-IN  QUANTITY' 


MOTOROLA 

SEMICONDUCTORS 


Other  Motorola  Quality  Products  Include 

Hiili-Power 
Audio  Transistors 


Hi(li-Voltaco 
Power  Transistors 


Silicon  Power 
Rectifiers 


Audio,  Switchini 
a  RE  Transistore 


HOUTWOOO  20,  CAUrOONU 
6555  Sumet  Sculevard 
HOHywood  5-3250 


•lOOfniiO,  NIW  JitSEY 
540  leul«vArd 
WHitfwv  5-7500 


CHICAGO  44,  lUINOIS 

4900  W«st  Flournoy  Stroot 
E$««rbrooli  9-5200 


REGIONAL  OFFICES 
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GENERAL  SPECIFICATIONS 

BVcbo 

BVc*> 

(min) 

hpE 
@  lA 

G. 

Po 

Class  A 
@  75*0 
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volts 

volts 

(typ) 

db 

watts 

-80 

-60 

90 

40 

5 
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2N375 

—80 

-60 

55  . 

37 

5 

10 

hpE 

VS  Ic 

(TYPICAL) 

Vce'-AV 

~MN  49(2N6ie) 

— 

cally  sealed  unit,  containing  solid 
materials  exclusively.  The  capaci¬ 
tor  cannot  leak  or  corrode  e\’en  if 
the  seals  are  damaged  or  destroyed. 

Type  TQ  capacitors  operate  over 
the  temperature  range  of  —  80  C 
to  -1-85  C  with  a  capacitance  varia¬ 
tion  of  only  ±10  p>ercent.  The  dissi¬ 
pation  factor  docs  not  exceed  0.05 
at  1,000  cps  and  25  C.  The  leakage 
current  at  25  deg  is  less  than  0.05 
fia/fii/x  or  0.1  whichever  is 
greater,  measured  after  hve  min¬ 
utes  at  rated  d-c  working  \oltagc 
applied  through  a  1,000  ohm  re¬ 
sistor  to  limit  the  charging  current. 
The  type  I’Q  is  a  polarized  capac¬ 
itor  to  be  used  where  no  resersal 
of  potential  occurs.  I'he  case  is 
the  negatise  terminal.  Circle  417 
on  Reader  Service  Card. 


IRE  SHOW 
Booth  1 807 


uttden> 


It  isn’t  an  earring.  It’s  an  ACESETf®  .  .  a  micro-miniature, 
precision,  wire-wound  potentiometer  featuring  small  pot  size 
with  big  pot  performance!  Only  Vi"  in  diameter  and  5/16"  in 
body  length,  the  ACESET  excels  in  a  combination  of  all  around 
top  performance  characteristics.  Heat  dissipation,  for  example, 
is  2  watts  at  60°  C.  Other  specification  information  is  listed 
below. 

Improved  performance  at  lower  cost  has  been  achieved  in  these 
micro-miniature  units  by  mass  producing  to  standard  specifica¬ 
tions.  You  can  select  from  nine  different  resistance  values 
between  100  and  25,000  Ohms.  Shipments  are  guaranteed  with¬ 
in  24  hours  of  receipt  of  order.  Call,  wire  or  teletype  Dept.  F 
at  Ace  Electronics  Associates,  Inc.,  99  Dover  Street,  Somerville, 
Mass.  Somerset  6-5130.  TWX  SMVL  181 


Portable  Scope 
wide-band  unit 

The  Scopes  Co.  Inc..  20-02 
Raphael  St.,  Fair  Lawn,  N.  J.,  an¬ 
nounces  the  Serviscope,  an  inex- 
pensi\’e  wide-hand  portable  pre¬ 
cision  oscilloscope  weighing  only 
16  lb.  It  features  balanced,  d-c 
coupled  amplifiers  giving  flat  re¬ 
sponse  to  6  me  (—  3  db)  and  ha\- 
ing  a  rise  time  of  better  than  0.06 
^sec  for  less  than  2  percent  oxer- 
shoot.  Both  fully  automatic  sync 
and  precision  trigger  le\el  selection 
are  provided  as  well  as  tv  field  and 
frame  sync  selectors. 

Built-in  voltage  and  time  cali¬ 
brating  signals  facilitate  quantita- 
ti\c  measurements  and  X-expan- 
sion,  about  the  center,  gives  a  50 
cm  cffectixc  trace  length.  Eighteen 
preset  calibrated  sweep  speeds  and 
frequency -corrected  attenuator  per- 


MECHANICAL  SPECIFICATIONS  ELECTRICAL  SPECIFICATIONS 


On*  pi*c*  precision-machined  metal  case  Heat  Dissipation:  2  watts  at  60°  C. 
Passivated  stainless  steel  shaft  Voltage  breakdown:  1,000  VDC 

Self-contained  locking  device  Electrical  Angle:  325°  nominal 

Panel  anti-rotation  pin  Temp.  coefRcient  of  resistance  wire:  20  ppm 

Mechanical  rotation:  330°  nominal  Resistance  tolerance:  ±10% 

Size:  Vj"  diameter  x  5/16"  body  length  Linearity:  ±5% 


ACEPOT® 


ELECTRONICS  ASSOCIATES,  INC 


ACETRIM® 
ACESET  ®^^ 


ACEOHM® 
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Acrovox  Polystyrene  Capacitors  are  de¬ 
signed  for  applications  'where  stability 
and  low  dielectric  absorption  are  essen¬ 
tial-such  as  computing  devices,  tuned 
circuits  demanding  highest  Q  standards, 
capacitance  bridges,  and  laboratory 
standards.  They  are  available  in  many 
case  styles  and  in  capacities  from  0.001 
mfd  to  23.  mfd.  and  in  voltage  ratings 
from  too  VDC  to  1600  VDC 


imEROVOX  Corporation,  with  ten  plants 
from  coast  to  coast,  have  been  manufacturing  capacitors 
since  1 922.  As  leaders  in  the  held,  they  have  been  quick 
to  take  advantage  of  new  and  better  materials,  and  to 
anticipate  the  demands  of  the  fastest  growing  industry- 
electronics. 


They  use  Natvar  Styroflex  because  it  has  all  of  the  out¬ 
standing  properties  of  polystyrene,  plus  complete  flexi¬ 
bility,  toughness  and  uniformity. 


Natvar  Products 


•  Varnished  cambric— cloth  and  tape 

•  Varnished  canvas  and  duck 

•  Varnished  silk  and  special  rayon 

•  Varnished— Silicone  coaled  Fiberplat 

•  Varnished  papers- rope  and  kraft 

•  Slot  cell  combinations,  Aboglas  * 

•  Isoglas*  sheet,  tape,  tubing  and 
sleeving 

•  Vinyl  coated  and  varnished 
tubing  and  sleeving 

•  Extruded  vinyl  lubipg  and  tape 

•  Styroflex*  flexible  polystyrene  tape 

•  Extruded  idenliflcation  markers 


Natvar  Styroflex  is  available  in  standard  thicknesses  from 
.0004^^  to  .006^^  in  rolls  from  ^2^  to  approximately  10^^  in 
width.  Ask  for  data  sheet  St- 1 . 


CORPORATION 


FORMEIIY  THE  NATIONAl  VARNISHED  PRODUCTS  CORPORATION 
TEIEPHONE  CAIIE  ADDRESS 

FULTON  S-tSOO  NATVAR;  RAHWAY.  N.  J. 

201  RANDOLPH  AVENUf  •  WOODBRIOOE,  NEW  JERSEY 


Jltk  for  Catalog  No.  23 
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mit  time  and  voltage  measurement 
over  the  ranges  0.1  /*sec/cm  to  0.5 
sec/cm  and  from  20  mv  to  250  v, 
a-c  or  d-c,  respectively. 

With  dimensions  of  6i  in  by  8i 
in.  by  13i  in.  overall  the  Seiviscope 
offers  expensive  facilities  in  a  small 
low  cost  package  and  is  ax'ailablc 
for  immediate  delivery.  Circle  418 
on  Reader  Service  Card. 


99% 


magnetic  stepping  motor— 


1%  moving  part  (touches  only  bah  bearinos> 


...  8000  STEPS  PER  MINUTE 


...INSTANT  START.  NO  SLIP,  NO  CLATTER 
...  IT  WORKS 


D-C  Supplies 
transistorized 

Sorensen  &  Co.,  Inc.,  Richards 
Ave.,  South  Norwalk,  Conn.  Six 
new  all-transistor  low'-voltage,  high- 
current  d-c  supplies  are  now  avail¬ 
able.  First  of  a  new  line  called  Q 
Nobatrons,  they  offer  performance 
on  a  par  with  that  of  the  B-tvpe 
high-voltage  d-c  supplies.  Features 
include  low  ripple,  fast  response, 
transient-free  performance,  ad¬ 
justable  output,  wide  input  fre¬ 
quency  range,  complete  self-pro¬ 
tection,  cabinet  or  single  or  dual 
rack  mounting,  isolated  output, 
small  size  and  low  cost. 

They  are  said  to  be  ideal  for 
such  applications  as  computer  cir¬ 
cuits  and  strain  gage  bridges.  The 
units  have  a  wide  (2:1)  range  of 
output  voltage.  Exclusi\e  circuit 
design  prevents  damage  to  tran¬ 
sistors  e\en  if  output  is  short  cir¬ 
cuited.  Because  no  resonant  regu¬ 
lators  are  used,  Q-Nobatrons  are 
insensitive  to  input  frequency 
changes.  Either  positive  or  nega- 
ti\e  output  may  be  grounded,  or 
the  output  may  be  floating. 

Input  ^•oltage  of  these  d-c  supi- 
plies  is  105-125  v  a-c  single  phase. 
Output  voltages  are  4.5-8  v,  and 
18-36  V.  Output  current  ranges 
from  0-0.5  ampere  to  0-4  amperes. 
Output  s’oltagc  regulation  is 
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THE  SIGMA  CYCLONOME*  STEPPING  MOTOR*  behaves 
like  a  10-poIe  synchronous  motor,  but  because  of  small  inertia  and 
high  torque  it  comes  to  a  dead  stop  between  each  half  cycle  up 
to  rated  maximum  of  1 30  cps.  It  continues  to  run  synchronously 
at  frequencies  well  above  this  maximum,  but  eventually  fails  to 
stop  on  command  on  a  selected  pole. 

Since  stopping  and  starting  torques  are  roughly  equal,  it 
makes  a  good  counter  of  cycles  or  pulses.  It  accepts  sine  waves 
or  square  pulses,  but  requires  reversals.  These  reversals  may  be 
provided  by  straight  AC  signals,  DC  pulses  supplied  alternately 
to  separate  windings,  or  DC  pulses  to  one  winding  with  a 
reference  or  bias  DC  in  the  other. 

As  proof  that  this  dandy  little  motor  works  and  can  do  some 
useful  jobs,  three  for  instances  that  we’ve  built  are  shown.  In 
(l),  some  rather  elaborate  switching  is  done  by  a  commutating 
^  switch  driven  by  the  motor.  At  (2),  it  functions  as  a  self-checking 
digital  readout  switch.  In  the  third  example  (s),  the  motor  is 
housed  with  and  drives  a  6-digit  Veeder-Root  register  at 
rates  up  to  8000  CPM  (sold  for  some  time  as  the  Sigma 
Cyclonome  Counter). 

*Pat.  app.  for 


Why  you  would  want  to  get  shaft 
positions  out  of  electrical  cycles  is,  of 
course,  your  business,  but  there  is  a 
thinly  disguised  feeling  around  here 
that  (maybe?)  one  of  these  gadgets 
might  be  just  what  you’ve  been  looking 
for.  If  you  can  withstand  the  Tumult 
and  get  past  the  Lions,  you  can  see  a 
Cyclonome  Motor  stepping  at  BOOTH 
2628-2630,  at  the  athletic  contest  in 
March.  If  not,  write  for  Bulletin. 


TYPE  12D  CYCLONOME  STEPPING 
MOTOR  SPECS  INCLUDE) 


INPUT  POWER)  'A  to  12  watts 

depending  on  speed  requirements 


INERTIA)  0.6  gram-cm~. 


SIZE)  2H"*2J4"xl%' 


TORQUE  OUTPUT)  approximately 
100  grom-cm.  for  every  18°  of  rotation 
(optimum  input  signal) 


Compare  these  prices  with  any  other 
top-quaiity  oVens — the  savings 
per  cubic  foot  are  substantial! 


4-3542  OvM,*  with  Linco-fleic  ex¬ 
terior  end  stainless  steel  interior. 
230  volts;  size:  37x25x37  in. 


Lowest  Prices  in  ihe  Industry 
for  Highest- Quality  OVENS 


4-3550  OvM.  with  stainless  steel 
exterior  and  interior;  115  volts; 
size:  19  x  19  x  19  in. 


4-3542  OvM,  with  stainless  steel 
exterior  and  interior;  230  volts; 
size:  37  X  25  X  37  in. 


AMINCO'S  famous  forced  •  convection 
ovens  solve  the  big  problems  in  today's  re¬ 
search  and  industrial  laboratories; . . .  they 
eliminote  hot  and  cold  pockets;  they  provide 
precise  temperature  control;  and  minimize 
power  consumption. 

The  many  styles  and  sizes  listed  at  right 
employ  motor-driven  blowers  which  produce 
movement  of  a  large  volume  of  heated  air, 
horizontally  across  the  work  chamber.  This, 
together  with  the  circular  arrangement  of 
the  heaters,  results  in  uniform  distribution 
throughout  the  entire  work  chomber. 

All  ovens  listed  are  provided  with  positive 
locking  latches,  adjustable  perforated  shelves, 
and  a  removable  control  panel. 

On  special  order,  pyrex  inner  doors,  explo¬ 
sion-proof  fittings,  and  blow-out  safety 
panels  can  be  supplied. 

Compitta  information  fumkhoci  upon 
roquost,  in  now  bwiiotin  34-37*  Z 

Immediate  delivery 

from  Stork! 


Doseriptieo 


frico  por 
Cu.  ft. 


4-3510  OvM,  with  cold-rolled  steel  interior  I  $134.61 
end  Linco-flek  exterior.  115  volts;  size:  19  x  1 
19  X  19  in. 


4-3521  Ovoo,  with  cold-rolled  steel  interior  and 
Linco-flek  exterior.  230 'volts;  sizer'37  x  19  x 
25  in. 


4-3540  OvM,  with  Linco-flek  exterior,  and 
stainless  steel  interior.  230  volts;  size:  J9x. 
19  X  19  in. 


4-3541  OvM,  with  Linco-flek  and  stainless  steel 
interior.  230  volts;  size:  37x19x25  in. 


4-3540  Ovoo,  with  stainless  steel  interior  and  211.02  823 

exterior.  230  volts;  size:  19  x  19  x  19  in. 


4-3541  Ovoo,  with  stainless  steel  interior  and  114.80  1148 

exterior.  230  volts;  size:  37  x  19x25  in. 


4-3514  Ovoo,  with  Linco-flek  exterior  and  cold- 
rolled  interior.  230  volts;  size:  19  x  19  x  19  in. 


4-3522  Ovoo,  with  Linco-flek  ex¬ 
terior  and  cold-rolled  interior. 
230  volts;  size:  37  x  25  x  37  in. 

4-3530  Ovoo.  with  Linco-flek  ex¬ 
terior  and  stainless  steel  interior. 
115  volts;  size;  19x19x19  in. 


AMERICAN  INSTRUMENT  CO.,  INC. 


8030  GEORGIA  AVENUE,  SILVER  SPRING,  MARYLAND 
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the 
hecLci 
of  the 

, family 


±0.25  percent  for  line  and  load 
changes  combined.  Ripple  is  0.01 
percent  for  all  but  one  unit,  which 
has  a  0.02  percent  ripple.  Tj'pical 
recovery  time  is  50  /isec.  Ambient 
temperature  extends  from  0-40  C. 
Typical  output  imp>edance  at  1,- 
000  cps  ranges  from  about  0.003 
to  about  0.02  ohm.  Circle  419  on 
Reader  Service  Card. 


Illuttrated  on  llie 
right  are  seme  of 
the  many  possible 
mounting  variations 
available. 


The  Couch  Type  4A  relay 
heads  a  family  of  rugged  re¬ 
lays  —  relays  that  can  with¬ 
stand  the  extremes  of  shock, 
vibration,  and  acceleration  — 
all  because  of  a  unique  pat¬ 
ented  rotary  armature  design. 
The  4A  design  will  answer 
your  dry  circuit  switching 
problems  too.  Our  Bulletin 
132  will  tell  you  more.  Write 
for  it  today. 

IMPORTANT 

SPECIFICATIONS 

Contacts:  4PDT  (4  Form  C) 

Size  A  weight: 

iJi,"  D  X  I’/,"  H.  3.*  ot. 
Pull-in  power:  watt 

Ambient  temperature: 

•65®C  to  125*C 
Vibration  resistance: 

20G,  S  to  2000  cps 

Shock  resistance: 

75G  operating 
200G  non-operating 


3  Arlington  Street 
North  Quincy,  Mass. 


Phone  Plugs 
molded  to  cable 

SwiTCHCRAFT,  Inc.,  1328  N.  Hal- 
sted  St.,  Chicago  22,  Ill.,  adds  to 
its  line  of  components  phone  plugs 
molded  directly  to  2-conductor 
shielded  cable.  These  are  assem¬ 
bled  in  standard  cable  assemblies 
of  the  type  often  used  in  audio 
equipment  for  interconnecting  am¬ 
plifiers,  microphones  and  so  on. 
They  are  available  in  straight  or 
angle  types,  as  illustrated.  , 

These  assemblies  will  be  a\ail- 
able  in  packaged  units  or  for  spe¬ 
cific  requirements  with  plugs 
molded  to  special  cables.  Circle 
420  on  Reader  Service  Card. 


Oscilloscope 
meets  MIL-0-15525D 

James  S.  Spivey  Inc.,  4908  Hamp¬ 
den  Lane,  Washington  14,  D.  C. 
Model  85-A  oscilloscope  is  de¬ 
signed  to  fulfill  the  requirements 
of  the  automatic  communications 
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SPECIFY  Linde  Sapphire 


UNDE  Sapphire  is . .  • 

Hard  — Moh  9 

Transparent,  single  crystal,  pure 
aluminum  oxide 
Nonporous— 0%  porosity 
Easily  sealed  to  metals  and  ceramics 
Priced  competitively  with 
sintered  materials 


UNDE  Sapphire  has . . . 

Strength  at  elevated  temperatures 
High  melting  point— 2040“  C. 
Excellent  IR  transmission 
at  high  temperatures 
(above  500“  C.) 


UNDE  Sapphire  is 
available  as . . . 

Windows 

Domes 

Rods  and  tubes 
Special  shapes  — to  order 


For  more  information  about  Linde  Sapphire  .  .  .  Write  ‘'Crystals 
Dept.  BD-32,”  Linde  Company,  Division  of  Union  Carbide  Corpora¬ 
tion,  30  East  42nd  Street,  New  York  17,  N.  Y.  In  Canada:  Linde 
Company,  Division  of  Union  Carbide  Canada  Limited 


UNION 

CARBIDE 


ENOINIIRS  AND  SCIENTISTS  intarMtad  in  work¬ 
ing  in  Synthatic  Crystal  Solas  &  Davalopmant,  contact 
Mr.  A.  K.  Saamann,  Linda  Company,  30  E.  42nd  St., 
Naw  York  17,  N.Y. 


Th*  Urmt  "LiiMle-  (nd  "Ubmb  Carbide'*  are  regitlered  trade-marfcr  #f  Onian  Carbide  Carparali**. 
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NEW  RELIABILITY 

for  a  popular 
multi-contact  relay  type 


8-D  Type  180 
Midget  D-C 
Telephone  Style 
RELAY 


featuring  a  large  num¬ 
ber  of  contact  ar¬ 
rangements  in  small 
site  at  minimum  cost. 


The  big  story  about  this  popular  midget  relay  type  is  not  that 
it  is  new  ...  but  that  Struthers-Dunn  now  makes  it.  Material 
and  design  improvements  scored  by  S-D  engineering  spell 
maximum  dependability  and  long  life — yet  at  no  price  increase. 

As  illustrated,  16  flexing  contact  springs  can  be  supplied 
with  8  springs  in  each  of  two  stacks.  Standard  relays  with¬ 
stand  ambient  temperatures  to  85  °C.  Special  types  for  ambi¬ 
ents  of  125*C.  are  available.  Minimum  power  requirements 
are  on  the  order  of  100  milliwatts  per  pole. 

A-C  VERSIONS  for  continuous  duty  can  be  supplied. 


FOR  MILITARY  APPLICATIONS,  SO  Type  180  Re¬ 
lays  are  widely  used  for  ground  and  aircraft  elec¬ 
tronic  and  communications  equipment. 


Data  Bulletin  No.  2180  request 


ffVifg  STOCK  DELIVERIES  from  the  fac¬ 
tory  on  many  of  the  S-D  5,348  relay  types. 

IMMEDIATE  LOCAL  DELIVERIES  on  many  of  the 
most  popular  types.  Write  for  name  of  your 
nearest  distributor. 


Makers  of  the  world’s  largest  selection  of  relay  types 


Sales  Eatiieeriag  Offices  la:  Atlanta  •  Boston  >  Buffalo  •  Chicago  •  Cincinnati 
Cleveland  •  Dallas  •  Dayton  •  Detroit  •  Kansas  City  •  Los  Angeles  •  Montreal  •  New 
Orleans  •  New  York  •  Pittsburgh  •  St.  Louis  •  San  Francisco  •  Seattle  •  Toronto 


FOR  COMMERCIAL  USES.  Type  180  relays  provide 
maximum  dependability  for  the  numerous  contact 
arrangements  required  for  computers,  instruments, 
signalling  and  annunciator  systems  and  similar  low 
power  uses. 


Inc* 


Pitman.  N.  U. 


field  and  allied  opierational  sys¬ 
tems.  Special  emphasis  has  been 
placed  on  providing  superior  low 
frequency  sweep  linearization  and 
balanced  input  d-c  amplifiers  of 
high  gain. 

Horizontal  sweep  range  is  3  cps 
to  40  kc  in  4  bands  with  a  mini¬ 
mum  of  5  piercent  frequency'  over¬ 
lap  on  each  end  of  each  band. 
Linearity  is  ±  1  percent  on  all 
frequencies  up  to  5  kc;  ±  2  percent 
above  that. 

Vertical  and  horizontal  ampli¬ 
fiers  have  1  ground  and  2  balanced 
inputs  through  5-way  binding 
{>osts  spaced  i  in.  on  centers.  In¬ 
put  sensitivity  is  5  mv/cm  to  500 
v/cm. 

Size  is  19  in.  wide  by  7  in.  high 
by  19  in.  deep.  Circle  421  on 
Reader  Service  Card. 


Pulse  Transformers 


miniature  type 


James  S.  Spivey  Inc.,  4908  Hamp¬ 
den  Lane,  Washington  14.  D.  C. 
Type  30A  miniature  pulse  trans¬ 
formers  are  designed  to  produce 
exceptionally  fast  pulse  rise  and 
recorery  time.  This  is  accom¬ 
plished  by  using  ferrite  cores  that 
have  high  effective  permeability 
for  abrupt  changes  in  current  and 
winding  coils  with  very  tight  in¬ 
ductive  coupling  between  windings 
on  these  cores. 

The  transformers  are  designed 
to  meet  M1L-T-27A  specifications. 

They  are  epoxy,  resin  encapsulated 


for  p 
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Giannini  mecuurea  A  controU: 


for  plug-in  or  printed-circuit  and 
conventional-wiring  applications. 

Rise  time  is  as  low  as  0.005 
/tscc,  depending  on  transformer 
t)pe  and  circuit;  pulse  repetition 
rate,  up  to  4  me;  ojierating  tem¬ 
perature.  —  55  C  to  4-125  C. 
Circle  422  on  Reader  Service  Card. 


GIANNINI  AC  OUTPUT 
ACCELEROMETER 


Wide  Dynamic  Range 
Extremely  Low  Threshold 
Low  Null 
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Silicon  Rectifiers 
tiny  glass  type 

Raytheon  Mfg.  Co.,  55  Chapel 
St.,  Newton  58,  Mass,  has  avail¬ 
able  the  1N645,  1N646  and  IN- 
648  tiny  glass  silicon  rectifiers. 
These  ha\e  peak  in\’erse  ratings 
from  225  to  500  v  and  are  capable 
of  handling  400  ma  a\erage  for¬ 
ward  current  at  25  C  or  150  ma 
at  150  C.  Circle  423  on  Reader 
Seri'ice  Card. 


Time  Delay  Relay 
thermal  type 

R.C.O.  Electronics,  145  Valley 
St.,  Belleville,  N.  J.,  has  in  produc¬ 
tion  a  highly  effective  thermal  time 
delay  relay,  model  T-99.  Actuated 
by  heater  and  hermetically  sealed 
for  maximum  stability,  it  is  unaf¬ 
fected  by  moisture,  altitude  or  dust 
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two  disc  springs.  Acceleration  in¬ 
puts  move  the  magnetically  damped 
mass,  causing  a  proportionate 
change  in  the  output  voltage  of  a 
differential  transformer.  Cross-talk 
effect  is  minimum  (0.003  g/g  at  10 
g  cross  acceleration  on  a  Ig  instru¬ 
ment);  repeatability  and  hysteresis 
are  below  thresholds  of  measuring 
equipment. 

IDEAL  SECOND  ORDER  SYSTEM  RESPONSE  is 
achieved  in  the  Model  24614  by  mag¬ 
netic  eddy-current  damping.The  her¬ 
metically  sealed  instrument  is  oil- 
filled  for  stability  of  output  under 
vibration.  Specially  designed  and  con¬ 
structed  for  use  in  critical  airborne 
control,  stabilization,  and  fiight  test 
applications,  the  instrument  is 
readily  adapted  to  telemetering. 


ACCURATE,  CONSISTENTLY  RQIABLE  AC  out 
put,  proportional  to  linear  accelera¬ 
tion,  is  provided  by  this  new  Gian¬ 
nini  accelerometer.  Available  in 
ranges  from  ±1  g  to  ±20  g,  the 
instrument  has  a  full  scale  output 
of  6  volts  which  may  be  fed  directly 
into  a  relatively  low  impedance  with 
little  or  no  phase  shift. 

NULL  VOLTAGE  IS  0.015  VOLTS,  of  which 
at  least  90%  is  harmonic,  assuring 
a  wide  dynamic  range  for  the  instru¬ 
ment.  With  a  basic  threshold  sensi¬ 
tivity  as  low  as  0.0001  g/g,  input 
accelerations  on  the  order  of  0.0017 
g’s  will  provide  a  10  millivolt  change 
in  output. 

NO  COULOMB  FRICTION  IS  EXHIBITED  in 
this  design,  bearings  are  eliminated 
by  suspending  the  mass  between 


mctsioN 

INSTRUIffNTS 
AMO  CONTROLS 


T.  P»  Qc  M  T,  P,  TAS 


G.  M.  GIANNINI  A  COv  INC.,  918  EAST  GREEN  STREET,  .PASADENA  CALIF. 


.  .  .  ideal  for  use  in  military’,  com¬ 
mercial  and  communications  equip¬ 
ment. 

The  delay  relay  operates  on  a-c, 
d-c  or  pulsating  currents  ...  2 
seconds  to  3  minute  delay  periods. 
Vibrations  and  shocks  will  not 
damage  the  unit.  When  subjected 
to  ambient  temperature  ranges 
from  —60  C  to  d-85  C,  the  relay 
delay  inter\al  \aries  slightly  from 
room  temjjerature  delay  periods. 

W'hether  operation  is  intermit¬ 
tent  or  continuous,  all  relavs  are 
assured  a  useful  longevity.  Rapid 
installation  is  made  possible  by  use 
of  the  standard  intermediate  shell 
8-pin  octal  base.  Sf>ecial  heater 
voltages  are  arailable  for  special  re¬ 
quirements.  Circle  424  on  Reader 
Service  Card. 


connectors  1  il  1 1 U  O 

for  cables  by  PHELPS  DODGE 


KINGS,  the  first  name  in  connectors,  introduces  its  new 
line  of  fittings  for  Foamflex,  Styroflex  and  Spirafil  cables. 
These  are  the  finest  connectors  for  the  finest  tine  of  high 
frequency  cables  manufactured  by  Phelps  Dodge  Copper 
Products  Corp.  Adapters  for  RG-/U  are  available. 


Low  VSRW 

Excollont  Froquoncy 
Responto 


WRITE  FOR  DETAILS 


Uniform  Eloctricol 
Proportiot  Ovor  Wide 
Tomperoturo  Variations 

Unlimited  Operating  Life 


“ — 7^  witiiii  tun  Ut 

IklNCS 


CO^INC. 


40  MARBLEOALE  ROAD,  TUCKAHOE  7,  N.  Y» 
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UP  TO  1000  MFD -VOLTS 
IN  LESS  THAN  2/100 
OF  A  CUBIC  INCH 


\ 


Pyramid  Tantalum  slug  capacitors  are  miniaturized  to  provide  maxi¬ 
mum  space  economy. 

New  Pyramid  Tantalum  slug  capacitors  have  cylindrical  cases  and 
contain  a  non-corrosive  electrolyte.  Due  to  the  special  construction 
of  materials  used  in  the  manufacture  of  Pyramid  Tantalum  slug 
capacitors,  these  units  are  both  seep  and  vibration  proof.  In  addi¬ 
tion,  this  type  of  capacitor  assures  long  service  life  and  corrosion 
resistance  —  made  to  meet  IVllL-C-3965  Specifications. 

Commercially  available  immediately,  these  new  Pyramid  Tantalum 
capacitor  units  have  an  operating  range  between  —55  C  to  100  C 
for  most  units  without  any  de-rating  at  the  higher  temperature. 

To  obtain  complete  engineering  data  and  prices  for  Pyramid-Tan 
talum  slug  capacitors,  write  tO:  Pyramid  Research  and  Development 
Dept.,  Pyramid  Electric  Company,  1445  Hudson  Boulevard,  North 
Bergen,  New  Jersey. 

CAPACITORS -RECTIFIERS 
FOR  ORIGINAL  EQUIPMENT - 
FOR  REPLACEMENT 


allows  an  external  signal  to  be  ap¬ 
plied  to  its  oscillator  circuit.  This 
p>ermits  the  output  frequency  to 
be  set  with  a  high-precision  fre¬ 
quency  standard. 

Other  features  include  input  volt¬ 
age  range  of  105-125  v  at  45-65 
cps;  output  voltage  range  of  0-130  v 
with  ±  1  percent  regulation  for  line 
or  load;  output  frequency  regula¬ 
tion  of  ±1  percent  normally,  ±0.01 
percent  with  a  built-in  frequency 
standard  or  any  accuracy  obtainable 
with  an  external  frequency  stand¬ 
ard;  frequency  drift  of  less  than  1 
percent  in  24  hours;  power  factor 
of  unity  to  0.7  lagging  at  100  va, 
unity  to  0.5  lagging  at  50  va,  and 
fully  inductive  at  25  va;  output  dis¬ 
tortion  1  percent  maximum  for 
75-125  V  output;  and  0-40  C  am¬ 
bient  temperature  range.  Circle  425 
on  Reader  Service  Card. 


Power  Supplies 
transistor  regulated 

Elcor,  Inc.,  P.  O.  Box  354,  Mc¬ 
Lean,  Va.,  announces  a  new  series 
of  transistor  regulated  power  sup¬ 
plies  for  strain-gage  bridges  and 
other  applications  requiring  a  low- 
noise  ungrounded  power  supply. 
Available  are  nine  different  models 
for  117  V,  60  cycle  input,  with  out¬ 
put  voltages  ranging  from  10  v  to 
50  V  in  steps  of  5  v.  Output  cur¬ 
rent  ratings  range  from  1 50  ma  d-c 
at  10  V  to  40  ma  d-c  at  50  v.  Di¬ 
mensions  including  the  shield  are 
IH  in.  by  21i  in.  by  518  in.,  and 
weight  is  approximately  1  lb. 

A  novel  feature  is  a  special  trans¬ 
former  construction  that  proxides 
low  shunt  capacitance  and  very 
high  leakage  resistance  from  the 
output  terminals  to  ground,  per¬ 
mitting  use  of  the  supply  as  a 
floating  source  of  d-c  power  in 
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Automatic 


Latest  in 

DESIGN 

PERFORMANCE 

VERSATILITY 

for  high  production 

and  laboratory 

All  types  of  automatic 

and  semi-automatic 

COIL  WINDING  MACHINES 
TOROIDAL  WINDING  MACHINES 
for  fine  or  heavy  wires 
ARMATURE  WINDING  MACHINES 
CONDENSER  WINDING  MACHINES 
WIRE  RE-WINDING  MACHINES 
TAKE-UP  and  WINDING  FRAMES 
with  constant  tension 
MACHINES  to  SPECIFICATIONS 


BLOCKS  I  BOOTHS  4407-9  at  THE  |,  R.  E.  SHOW 


MODEL  \VG  300 

•  Wire  ranges  AWG  #12  fo  AWG  #57 
O  /nfiniteiy  adjustable  pitch  and  traverse 
e  Variable  speeds  up  to  maximum  15,000  rpm 

O  single  and  multiple  winding;  wire  guides  con 
be  added  at  convenience 

e  With  or  without  bedplate  and  tailstock 


OPTIONAL:  —  Semi-automatic  paper  inter¬ 
leaving — Automatic  stop  after  each  first  and 
second  layer — Automatic  stop  after  each  first 
and  sixth  layer — Progressive  shortening  of 
layers  (for  trapezoidal  winding) — Automatic 
speed  reduction  at  end  of  layers — Driven 
tailstock — Intermediate  support  for  multiple 
winding  of  coils  that  have  to  be  clamped — 
Set  of  two  winding  mandrels  on  turret;  while 
one  mandrel  is  engaged  for  winding,  the 
other  is  emptied  and  newly  prepared. 


INDUSTRIAL  WINDING  MACHINERY  CORP. 


120  Wall  St.  New  York  5,  N.  Y. 
Suite  3410  WHiteholl  3-1 7S4 
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theory  *  design  >k  performance 
of  electronic  circuits 

ELECTRONIC  SEMICONDUCTORS 

Just  Published.  A  rigorous  and  systematic  introduction  to  semiconductor 
physics,  developing  the  subject  logically  from  simple  concepts  and  giving 
clear  pictures  of  the  conduction  mechanism  of  electronic  semiconductors 
within  the  framework  of  the  band  model.  Among  the  book’s  outstanding 
features  are  the  treatment  of  acceleration  of  electrons,  the  Zener  effect, 
etc.  Book  is  a  translation  of  the  2nd  Oerman  edition  of  Elektronisrke 
Halbleiter  by  Eberhard  Spenke.  Translated  by  D.  Jenny,  H.  Kroemer, 
E.  Q.  Ramberg,  and  A.  H.  Sommer,  RCA  Laboratories.  430  pp.,  163  illus., 
$11.00 

RANDOM  SIGNALS  AND  NOISE 

Just  Published.  An  introduction  to  the  statistical  theory  underlying  the 
study  of  signals  and  noises  in  communication.^  systems.  Contains  an 
Introduction  to  probability  theory  and  statistics,  a  discussion  of  the 
statistical  properties  of  the  Oausslan  random  process,  a  study  of  the 
results  of  passing  random  signals  and  noises  through  linear 
and  nonlinear  systems,  and  an  introduction  to  the  statistical 
theory  of  the  detection  of  signals  In  presence  of  noise.  By 
William  B.  Davenport,  Jr.,  and  William  L.  Root,  Llncoln,/<|J|^^^^P 
Laboratory,  M.I.T.  393  pp.,  illus.,  $10.00  ^ 


ELECTRON  TUBE  CIRCUITS 

New  2nd  Edition  Just  Published.  Discusses  and  evaluates  the  funda¬ 
mental  properties  of  electron  tubes  and  their  circuit  operations — analyzes 
tuned  and  untuned  amplifiers — and  takes  up  In  detail  circuits  essential 
to  modern  electronic  systems  such  as  voltage,  video,  and  power  ampli¬ 
fiers:  waveform  generators:  oscillators:  modulators,  etc.  Scores  of  prac¬ 
tical  examples  show  you  best  applications  of  theory.  By  Samuel  Seely, 
Case  Inst,  of  Technology.  2nd  Ed.  695  pp.,  739  illus.,  $10.50 

BASIC  FEEDBACK 
CONTROL  SYSTEM  DESIGN 

Just  Published.  Bases  the  study  of  feedback  control  system  design  on 
complex  frequency  plane  analysis — the  root-locus.  A  wide  range  of 
servo  transducers  and  components  are  covered.  Recent  advances  covered 
Include  a  section  of  gyroscopes  and  force-balance  transducers,  inertial 
navigation:  analysis  of  nonlinear  systems  such  as  the  describing  func¬ 
tion  technique  and  phase  plane  analysis.  Frequency  methods, 
such  as  Nyquist  and  Bode,  are  Included.  By  C.  C.  Savant, 
L.  of  Southern  Cal.  418  pp.,  Illus.,  $9.60 

see  ANY  BOOK  10  DAYS  FUSE 


NUMERICAL  ANALYSIS  ^ 

Just  Published.  Covers  the  topics  most  directly  needed  for  a 
clear  understanding  of  methods  used  In  numerical  solution  of 
differential  equations,  both  ordinary  and  partial,  and  in  the 
•olution  of  integral  equations.  Clearly  explains  the  use  of 
flnlte-dillerence  methods  In  obtaining  numerical  solutions  to 
problems — emphasizing  procedures  which  can  be  most  readily 
programmed  for  an  electronic  digital  computer.  Many  helpful 
techniques  such  as  the  use  of  lozenge  diagrams  for  numerical 
differentiation  and  Integration  are  supplied.  By  Kaiser  S. 
Kunz,  Ridgefield  Research  Lab.  361  pp.,  40  illus.,  $6.00 


> '  McGraw-Hill  Book  Co.,  Dept.  FL-3-14  327  W.  41st  St.  New  York  36 

Send  me  book(s)  checked  below  for  10  days’  examination  on 
/  M  approval.  In  10  days  I  will  remit  for  book(s)  I  keep  plus  few 

cents  for  delivery  costs,  and  return  unwanted  book(s)  postpaid. 

„  .  •  (We  pay  delivery  costs  If  you  remit  with  this  coupon — same 

"amwir  return  prlvllegej 

a  Spenke — Elect.  Semiconductors.  $11. (X)  Q  Kunz — Numerical  Analysis,  68.00 
Davenport  Sc  Root — Random  Signals,  $101)0  □  Seely — Elect.  Tube  Circ.,  610.50 
□  Savant — Feedback  Cont.  System  Design,  $9.50 


Name . Address 


Position  . . . Company . . 

For  price  and  terms  outside  U.S.,  write  McQraw-Hill  Int’l.,  N.  V.  C. 
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absorbers  by 


McMillan  Industrial  Corporation  makes  various  materials  for  the  absorption  of  microwave  energy,  for 
indoor  or  outdoor  use  and  for  ground  or  airborne  applications.  Listed  below  are  the  three  most  popular 
absorbers,  their  typical  applications,  specifications  and  characteristics. 

Especially  adaptable  for  airborne  applications,  the  type  “T” 
H  is  an  extremely  versatile  absorber  where  space  and  weight 
H  limitations  are  essential.  Easily  formed,  it  is  impervious  to 
yy  ‘y’  >  I  effects  of  moisture,  hydraulic  fluids,  gasoline  etc.,  when 

I  sealed. 


TYPK  “T" 

THIN -FLEXIBLE 


TYPE  “BL”  «  “BH” 

PERMANENT -LIGHTWEIGHT 


TYPE  **BI.-4a” 

BROADBANOED  -  PERMANENT 


8PKCIFICATION8 


Frequencies: 

Bandwidth : 

Power  Reflection  Coefficient: 
Perpendicular  Polarization 
Parallel  Polarization 
Perpendicular  &  Parallel  Polarization 
Power  Dissipation: 

Temperature  Range: 

Thickness  &  Weight :  at  9375  MC.,  ffe' 


2500  to  35,000  MC. 

±3% 


Standard  Sheet  Size: 


!ation  1% 

2% 

allel  Polarization  2% 

2  watts/sq.  i  n. 
-62'’F  to  172‘’F 
at  9375  MC.,  ffe'  thick,  4.7  oz./sq.ft. 
at  5400  MC.,  thick,  5.7  oz./sq.  ft. 

18'x36’: 


Two  stable  absorbers  whose  high  performance  and  longlife 
is  not  affected  by  moisture,  humidity  and  dust.  Type  “BL” 
is  fine  for  walls,  ceilings  and  test  panels.  Type  “BH”  is 
excellent  for  test  room  floors  and  outdoor  installations, 
as  its  high  absorption  characteristics  are  unchanged  when 
it  is  walked  on. 

8P8CIPICATION8 


Frequency  range: 

Power  reflection  coefficient: 
(perpendicular  and/or  parallel 
polarization) 

Power  dissipation: 

Temperature  range:  (tyi 

(ty 

Standard  block  size:  2'  or  i 
Weight :  ( 


1000  to  35,000MC. 

0.4%  at  24,000  MC. 
illel  1.0%  at  9,400  MC. 

2.0%  at  5,400  MC. 

2  wattS/  sq.  i  n. 
(type  “BL")  -62°F  to  155‘’F 
(type  "BH")  -62°F  to  175°F 
or  4'  thick,  4'  long,  1'  wide 
(type  “BL")  .5  lbs./sq.  ft. 
(type  “BH")  .7  lbs./sq.  ft. 


Recommended  for  use  in  the  low  frequency  range  where 
permanent  attenuation  characteristics  are  required,  for  both 
indoor  and  outdoor  applications. 


8P8CIPICATION8 


Frequency  range: 

Power  reflection  coefficient : 
Power  Dissipation: 
(perpendicular  and/or  parallel 
polarization) 

Size: 


40  to  35,000  MC. 

2H% 

2  watts  /sq.  in. 


Weight: 

Temperature  range: 


Base-l'x2' 
Height -48' 
5  lbs.  /sq.  ft. 
-62^  to  155“F 

Also  available  — Type  “H" 
Hair  Mat  Absorbers  in  thick* 
nesses  from  1*  to  8*  for  fre¬ 
quencies  from  500  to  35,000  MC 

BOOTH  f8808 
I.R.8.  SHOW 


MeMII.I.AN  LABORATORY.  INCORRORATED 

Brownvill*  Avwnu*  •  Ipswich,  Massschusstts 


bridge  circuits  or  in  other  applica¬ 
tions  in  which  a  signal  voltage 
appears  between  the  output  of  the 
power  supply  and  ground. 

Other  features  include  regula¬ 
tion  of  0.4  percent;  line  regulation 
of  0.2  percent;  output  ripple  of 
0.01  percent;  output  voltage 
temperature  coefficient  of  0.02  per¬ 
cent  per  deg  F;  and  noise  and  hum 
of  less  than  1 5  /iv  per  kilohm  im¬ 
pedance  to  ground.  Circle  426  on 
Reader  SeiAice  Card. 


D-C  Amplifier 
low  noise  level 

Dynamics  Instrumentation  Co., 
1118  Mission  St.,  South  Pasadena, 
Calif.  Loss  of  data  resulting  from 
une.\f>ected  o\erscale  input  signals 
is  a\oided  by  the  unique  signal 
compression  feature  of  the  model 
1250  d-c  amplifier.  The  low  noise 
level  of  3  fiv  rms  for  30  kc  band¬ 
width  is  achiexed  by  the  special 
low-noise  circuit. 

Ground-loop  and  crosstalk  prob¬ 
lems  are  minimized  by  the  very 
high  degree  of  power  line  isolation. 
Specifications  include  voltage  gain 
of  1,000,  2  |^\■  zero  stability,  and 
1 00  K  input  impedance.  Circle  427 
on  Reader  Service  Card. 


Ferrite  Isolator  . 
operates  in  S-band 

Airtron,  Inc.,  1096  West  Eliza¬ 
beth  Ave.,  Linden,  N.  J.,  has  avail¬ 
able  a  special  resonant  absorption 
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ferrite  isolator  for  operation  in  the 
S-l)rand,region  with  female  type  N 
connectors  to  meet  particular  coax 
systems  requirements. 

Operating  oxer  a  frequency  range 
of  2,670  to  2,930  me,  the  unit  is 
especially  beneficial  in  applications 
involving  power  amplifier  type  of 
transmitters  because  of  the  high 
degree  of  unidirectional  isolation 
of  the  signal  source  from  reflected 
r-f  energy. 

The  standard  type  N  (50  ohm) 
connectors  are  used  on  both  the 
input  and  output  of  the  basic 
waveguide  structure,  facilitating  the 
connection  of  coaxial  line  systems. 
Three  mounting  brackets  are  used 
to  support  the  unit  permitting  the 
disconnection  of  cables  without  re¬ 
moving  the  isolator  and  eliminating 
undue  stress  on  the  coaxial  lines. 

Electrical  characteristics  are:  fre¬ 
quency  range,  2,670  to  2,930  me; 
isolation,  20  db  minimum;  inser¬ 
tion  loss,  0.8  db  maximum;  input 
vsvvr,  1.20  maximum;  and  power 
handling  capacity,  10  vv  average 
with  a  2:1  load  vsvvr.  Circle  428  on 
Reader  Serv’ice  Card. 


All  the  right  connections  for 


QUICK  DELIVE&7 


I  RELAX.  4  It 

J  No  need  to  juggle  production 

schedules  when  you  depend  on 
BH  Deutsch  for  quick  delivery  of 

miniature  electrical  connectors. 

Deutsch  specializes  in 
rush  orders  and  prompt 
*  delivery  of  all  catalog  items. 

For  peace  of  mind  ...  fast _ 

■B^B  specify  Deutsch  when  you  need: 
^B^B  Miniature  Connectors  of  all 

^■^B  types,  including  new  push-pull. 

jHB  positive  locking  and  sealing 

W  units.  Ideal  for  crowded,  remote 
W  and  blind  installations. 

y  Environmental,  and  just  the  thing 
for  umbilical  or  breakaway  units. 
Miniature  Hermetic  Connectors  that 
seal  power  in,  seal  unfavorable  conditions 
out.  Always  on  guard  against  high  G  forces, 
heat  and  cold  extremes,  vibration  and 
other  threats  to  airborne  equipment. 
Miniature  Rack  and  Panel  Connectors 
to  mate  in  blind  connections  without  guide 
pins  or  match  plates.  These  self -aligning 
spherical  orientation  connectors 
are  unaffected  by  pressure  variations. 

Miniature  Edgelite  Panel 
Connectors  —  and  more. 

//  you  have  a  delivery  problem  on  your 
hands,  contact  your  local  Deutsch 
representative  or  see  the  Deutschman 
in  Booth  3921  at  the  IRE  Show. 
New  York  City  Coliseum,  March  24-27. 


Chain  Amplifier 
r-f  distribution 

Westbury  Electronics,  Inc.,  300 
Shames  Drive,  Westbury,  N.  Y., 
announces  a  new  chain  amplifier, 
model  ABB- 5  added  to  its  present 
line  of  r-f  distribution  amplifiers. 
It  provides  truly  broad  band  am¬ 
plification  of  tv  and  f-m  signals  in 
the  15  to  230  me  region  with  a 
gain  of  20  db  and  a  frequency  re¬ 
sponse  flat  rt  1.5  db.  No  matching 
cables  or  networks  arc  required  for 
use  with  75  ohm  cable.  It  is  de¬ 
signed  for  continuous  service  with 
a  self-contained  power  supply, 
manual  gain  control,  and  provisions 
for  the  addition  of  age. 

A  unique  feature  of  this  amplifier 
IS  that  complete  loss  of  emission  of 
one  or  more  vacuum  tubes  does 


7000  Avalon  Boulevard  •  Los  Angeles  3,  Calif. 
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Programming  Plug 
has  240  pins 

Coleman  Engineering  Co.,  Inc., 
6040  W.  Jefferson  Blvd.,  Los  An¬ 
geles  16,  Calif.,  announces  the 
model  PR-240  programming  plug 
set.  The  plug  provides  240  pins, 
readily  accessible,  tapered  to  accept 
taper-lug  jumper  wires  which  are 
applied  by  hand  pressure  to  effect 
jumper  connections. 

Features  of  the  design  include 
guide  pins  to  align  and  polarize 
plug  with  receptacle,  provisions  for 
panel  mounting  the  receptacle,  and 
the  protecti\’e  co\er  for  the  plug. 
The  unit,  the  cover  of  which  mea¬ 
sures  6  in.  wide,  in.  high  and 
2J  in.  deep,  originally  intended  for 
use  in  the  company’s  digital  read¬ 
out  systems,  is  now  a\’ailable  as  a 
separate  component.  Circle  430 
on  Reader  Service  Card. 


not  interrupt  the  system  but  only 
reduces  the  gain  by  1.5  db  per 
tube.  The  unit  is  available  m  regu¬ 
lar  or  rack  mounting.  Circle  429 
on  Reader  Service  Card. 


Choppers 
feature  low  noise 


FANVtFW! 


Airpax  Products  Co.,  Cambridge 
Division,  Cambridge,  Md.,  an¬ 
nounces  a  new  type  chopper  with 
noise  levels  below  10  /iv  in  low- 
impedance  circuits.  These  noise 
levels  are  for  wide-band  noise  ex¬ 
tending  from  a  few  cps  up  to  40 


E&ttSrFWL 

Tantalum  Capacitors 


PP,  VP  and  HP 
Types  are  also 
available  with 
insulated  cases 
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kc  and  are  measured  by  a  thermo¬ 
couple  voltmeter  (true  rms  read¬ 
ing). 

The  contacts  are  rated  for  opera¬ 
tion  in  dry  and  nearly  dry  circuits 
vet  withstand  surges  as  high  as  2 
ma  at  100  v  into  resistive  loads. 
Drive  is  rated  at  either  400  ±  20 
cps  (type  2300)  or  60  ±  6  cps 
(tvpe  2400)  at  6.3  ±  0.6  v  rms. 
Normal  operating  temp>eraturc 
range  is  —65  C  to  -flOO  C.  Units 
for  operation  to  higher  tempera¬ 
tures  can  be  supplied  on  special 
order.  In  usual  applications  these 
choppers  can  be  expected  to  re¬ 
main  within  ratings  for  over  5,000 
hours.  Circle  431  on  Reader  Serv¬ 
ice  Card. 


Tape  Handler 
transistorized 

Potter  Instrument  Co.,  Inc., 
Sunnyside  Blvd.,  Plainview,  L.  I., 
N.  Y.  Model  906  completely 
transistorized  digital  magnetic 
tape  handler  features  rugged  de¬ 
pendability  and  remote  control. 
Both  high  and  low  tape  speeds  are 
available  in  ranges  of  four  sp>eeds 
forward  and  reverse  up  to  150  ips. 
Rewind  or  search  tape  speeds  are 
400  ips. 

The  machine  is  capable  of 
continuous  cycling  at  any  fre¬ 
quency  from  0  to  200  cps  without 
flutter.  Start  time  is  3  milliseconds 
and  stop  time  has  been  reduced  to 
1.5  milliseconds. 

A  vacuum  loop  de\ice  is  used 
in  conjunction  with  the  tensioning 
system  to  pro\ide  proper  tape  ten¬ 
sion  at  all  times.  Other  features 
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Heaters  and  Temperature  Control  for  all  types  of  military 
equipment.  Over  2,000  different  successful  designs  in  use. 


include  in-line  threading,  end  of 
tape  sensing,  and  tap>e  break  pro¬ 
tection. 

Close  packing  density,  provid¬ 
ing  up  to  47  channels  is  obtained 
by  use  of  a  Potter  high  densitv'  rec¬ 
ord/playback  head.  Circle  432  on 
Reader  Service  Card. 


R-F  Amplifiers 
broadband  type 

Appi.ied  Research  Inc'.,  76  South 
Bayles  Ave.,  Port  Washington, 
X.  Y.,  has  a  new  line  of  broadband 
r-f  amplifiers  ruggedly  designed  for 
consistently  high  performance  and 


HUGHES  FALCON 
and 

COX  TRANSISTOR-OVEN 


Servo  Package 
combines  four  parts 

Sterling  Precision  Corp.,  34-17 
Lawrence  St.,  Flushing  54,  N.  Y. 
Model  T-950  is  a  compact  servo 
package  combining  a  sen  o  motor, 
a  gear  reducer,  a  magnetic  clutch- 
brake  and  a  potentiometer.  In  this 
particular  unit,  the  motor  is  driving 
the  potentiometer  arm  at  a  speed 
corresponding  to  the  rotation  of 
radar  scanning  antenna,  (approxi¬ 
mately  40  rpm).  Upon  a  given  sig¬ 
nal  the  motor  is  uncoupled  and  the 
potentiometer  is  braked  within  two 
milliseconds. 

Using  the  same  basic  units,  vari¬ 
ous  combinations  of  operational  re¬ 
quirements  can  be  accomplished. 
Circle  433  on  Reader  Service  Card. 


This  unique  subminiature,  2-stage  transistor  amplifier  includes 
an  oven  which  provides  temperature  stability  and  warmup  from 
-80'F  to  +  193’F  in  only  two  minutes  when  operating  on  any 
voltage  between  24  volts  and  30  volts. 

Designed,  developed  and  produced  in  quantity  by  Cox  for  Hughes 
Aircraft  Company,  it  forms  an  essential  part  of  the  fire-control 
system  for  the  Falcon  Air-to-Air  Guided  Missile. 


Test  Performance  charts  will  be  sent  upon  request. 


115  East  23rd  Street 


New  York  10,  N.Y. 
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.01%  Linearity 

ill  Production  Potentiometers 


LITTON’S  MD20  CERAMIC  CORE  POTENTIOMETER 
SUSTAINED  HIGH  ACCURACY  -  PROVED 


MO20  SPECIFICATIONS* 

•  Up  lo  .01%  independent  linearity  •  IK  to  lOOK  standard  resistances 
*  Up  to  .005%  resolution  depending  upon  resistance  value  •  3600*  +7*  —0* 
electrical  angle  •  5  watts  power  dissipation  at  85*  C,  derates  to  725*  C 
•  Taps  are  welded  and  can  be  supplied  in  any  location  •  90*  nominal  overtravel 
•  7.0  oz.  in.  starting  torque  •  0.75  oz.  in.  running  torque 
•  500  oz.  in.  static  stop  torque 

*For  10  turn:  Also  available  in  dual  10  turn;  3  turn,  dual  3  turn;  20  turn 


low  maintenance  cost.  Model 
octave  r-f  amplifiers  are  said 
to  be  a  step  forward  in  the  applica¬ 
tion  of  ad\  anced  multipole  network 
llieon'.  The  new  units  provide 
broadband  bandpass  amplification 
co\  ering  an  octa\  e  or  greater  of  fre¬ 
quency  in  the  40  to  600  me  spec¬ 
trum  with  low  noise,  high  gain  and 
low  power  drain. 

GE  hpe  GL-6299  co-planar  tri- 
odes  are  combined  with  multip>ole 
networks  to  pro\  ide  amplifiers  with 
power  gains  of  5.5  db  or  greater  p>er 
stage,  with  a  500  me  bandwidth.  .\ 
number  of  these  stages  are  cascaded 
to  prox  ide  gain  of  20  or  30  db.  The 
frequency  spectrum  of  40  to  600 
me  is  coxered  by  six  basic  octaxe 
r-f  amplifiers,  haxing  the  folloxving 
frequencx-  responses  in  megacvcles; 
40  to  80;  80  to  160;  100  to’ 200; 
160  to  320;  225  to  400;  and  300 
to  600.  Circle  434  on  Reader  Serv¬ 
ice  Card. 


Ferrule 

for  shielded  wire 

AMP  Inc.,  2100  Paxton  St., 
Harrisburg,  Pa.,  announces  its  new 
Automachine  shielded  wire  ferrule 
for  automated  pigtailing. 

Designed  expressly  for  ground¬ 
ing  the  shield  braid  of  coaxial  con¬ 
ductors,  the  new  Automachine 
feeds  and  attaches  Automachine 
shielded  xvire  ferrules  and  pigtail 
simultaneously  to  shielded  xvire 
leads.  'Fhe  Automachine’s  dual  ap¬ 
plicator  p>crmits  attachment  of  fer- 
mlc  and  pigtail  wire  to  a  double 
ended  shielded  xvire  jumper  or  to 
txxo  shielded  xvire  leads  at  the  same 
time,  xvith  pigtail  xvires  xvhose 
length  can  be  adjusted  in  the  ap¬ 
plicator. 

Hie  firm  reports  that  the  nexv 
process  xvill  reduce  the  cost  of  pig- 


The  Litton  MD20  meets  or  exceeds  all 
critical  military  specifications  for  potenti¬ 
ometers  —  and.  up  to  .01%  linearity  is  a 
Litton  production -standard  specification 
in  this  2"  multiturn  unit. 

Here's  how  it's  done. 

■  Ceramic  core  provides  a  dimensionally 
stable,  chemically  inert  and  non-hypro- 
scopic  foundation. 

■  Single-piece  machined-aluminum  hub 
furnishes  a  rugged  support  and  accurate 
reference. 


■  Modified  Slope  Control  delivers  a  highly 
accurate  servo-controlled  winding. 

Result  —  .01%  linearity  and  .005%  reso¬ 
lution,  as  a  production  standard. 

Where  your  prime  requirement  is  sus¬ 
tained  high  accuracy,  Litton  ran  help  you. 
Please  write  to  Litton  Industries,  Dept.  1, 
215  South  Fulton  Avenue,  .Mount  Vernon, 
New  York,  or  to  Litton  Industries,  Dept.  1, 
5873  Rodeo  Road,  Los  Angeles  16,  Cali¬ 
fornia. 


Visit  Our  Booth  ot  N.  Y.  I.R.E.  Show. 

m  LITTON  INDUSTRIES 

Coiiipoiieiits  Division 

A  DIVISION  OF  LITTON  INDUSTRIES.  INC. 

LITTON  PRECISION  COMPONENTSi  Potentiometers  •  Ferrite  Isolators  •  Rotary  Joints 
I'SECO  ELECTRONIC  IIARDXV’AREi  Hardware  ('Terminals  •  Terminal  Boards  •  Prinled  CirciiitM 
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•  Multi-column 

•  Smaller  size 

•  Hermetically 
sealed 


Cox  and  Stevens 

LOAD  CELLS 


For  greater  accuracy  and  stability  in  all  types  of  weight  and  force 
measurement,  specify  new  Cox  and  Stevens  hermetically  sealed  load  cells. 
Sixteen  strain  gages  in  multi-column  design  provide  up  to  250%  greater 
output,  improved  stability  and  better  uniformity  between  cells.  Capacities 
range  from  500  to  200,000  lbs.  All  cells  with  30  feet  of  special  moisture- 
and  chemical-resistant  cable  in  stainless  steel  jacket. 

Cox  and  Stevens'  fifteen  years  experience  in  designing  and  manufacturing 
load  cells,  plus  dead  weight  testing  facilities  which  make  possible  calibra¬ 
tion  to  higher  accuracies,  assure  maximum  reliability.  Write  for  technical 
bulletins. 


TYPICAL  SPECIFICATIONS 

1.  Recommended  Input:  . . 

2.  Change  in  Output,  No  Load  to  Full  Load: 

3. *  No  Load  Output:  . 

4.  Output  Linearity . 

5.  Temperature  Effect  on 

Cell  Output  (15  toll5*F):.. . 

6.  Temperature  Effect  on 

No  Load  Output  (15  to  115*F): . . 

7.  Input  Impedance  at  75*F:.  . . 

8.  Allowable  Load: . . 

9.  Deflection  Under  Rated  Load . 


. . . 20  volts 

. 1.750  ±  .1%  millivolts/volt  Input 

. ±  .25%  of  full  load  output 

. 0  to  4-  .20%  of  full  load  output 

.±  .0008% /*F  of  output  at  applied  toad 

. ±  .0013%/°F  of  full  load  output 

. 450  ±  1  ohms 

. 225%  of  rated  capacity 

. Less  than  0.003” 


REVERE  CORPORATION  OF  AMERICA 


Wallingford,  Connecticut 

A  SUBSIDIARY  OF  NEPTUNE  METER  COMPANY 


MI^Mn 


tailing  by  75  percent  by  eliminat¬ 
ing  the  tedious  wire  preparations 
formerly  required.  Circle  435  on 
Reader  Service  Card. 


Voltage  Adjuster 
and  stepper 

Kepco  Laboratories,  Inc.,  131-38 
Sanford  Ave.,  Flushing  55,  N.  Y., 
announces  release  of  a  new  line 
voltage  adjuster  and  stepper  de¬ 
signed  to  vary  the  input  voltage  for 
testing  the  performance  of  electri¬ 
cal  and  electronic  equipment. 
Model  920  B  provides  for  adjust¬ 
ing  and  stepping  the  line  voltage 
from  95  to  135  v  a-c  for  any  fixed 
input  voltage  in  the  9  5  to  1 3  5  v  a-c 
range. 

Output  capacity  is  3.5  kva  for 
input  line  voltage  above  1 14  v.  lliis 
output  capacity  decreases  linearly 
to  3  kva  at  an  input  line  voltage  of 
95  V.  The  output  step  voltage  can 
be  adjusted  from  0  to  40  v.  Circle 
436  on  Reader  Service  Card. 


Sweep  Generator 
covers  100  kc— 20  me 

Marconi  Instruments,  1 1 1  Cedar 
Lane,  Englewood,  'N.  J.,  an¬ 

nounces  a  sweep  generator  cover¬ 
ing  100  kc  to  20  me  with  crystal 
markers  throughout  this  range. 
Manufacturer  claims  that  the  in- 
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module  size  ?"  x  TVi" ...  adjustable  internal  bias...  all  standard  I  RIG 
channels . . . 


strument,  model  1099,  enables 
response  measurements  to  be  made 
with  a  discrimination  of  at  least 
0.01  db. 

Output  level  (3  v  maximum)  is 
stabilized  and  the  instrument  is 
supplied  with  detector  probes  on 
both  input  and  output.  With 
these  probes  a  greatly  amplified 
indication  can  be  obtained  of  the 
deviation  of  an  amplifier  frequency 
response  from  level,  and  measure¬ 
ments  are  largely  independent  of 
input  level  changes. 

An  instrument  of  this  accuracy 
finds  ready  application  in  design 
and  checking  of  filters  and  video 
circuits.  Circle  437  on  Reader 
Service  Card. 


Frequency  Meter 
direct-reading  unit 

Polytechnic  Research  &  Devei.- 
OPMENT  Co.,  Inc.,  202  Tillary  St., 
Brooklyn  1,  N.  Y.  Type  590-A  di¬ 
rect-reading  frequency  meter  allows 
quick  determination  and  easy  read¬ 
ing  of  frequencies  in  waveguide 
systems  operating  between  5,100 
and  5,900  me.  It  is  available  for 
general  use  as  a  separate  umf,  or  it 
may  be  installed  as  a  permanent 
part  of  another  piece  of  equipment. 

'Ilie  590-A  consists  of  a  TE«„ 
mode  cavity  resonator  tuned  by  a 
non-contacting  plunger  w'hosc  posi¬ 
tion  is  variable  along  the  axis  of 
the  cavity.  The  calibration  spiralled 
around  a  drum  dial  indicates  fre¬ 
quency  directly  in  me.  The  cavity 
is  coupled  to  a  section  of  waveguide 
fitted  at  both  ends  w’ith  cover 
flanges,  enabling  the  units  to  be 
inserted  directly  into  any  line  of 
matching  waveguide  size. 

A  four-ft  scale  is  attained 
through  spiral  calibration  of  the 
drum  dial,  with  careful  control  of 
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critical  dimensions  for  low-cost  ac- 
curacj'.  Unusually  high  resolution 
is  provided  because  the  extra-long 
scale  covers  a  range  of  only  800  me. 
Circle  438  on  Reader  Service  Card. 


lOIW 

LIGHT¬ 

WEIGHT 


Micro¬ 

miniature 

Relay 


Capping  Machine 
automatic  unit 

Strempel  Instrument  Corp., 
Lake  George,  N.  Y.,  has  available 
a  new  automatic  capping  machine 
that  automatically  feeds  and  as¬ 
sembles  rod  shaped  bodies  and 
press-fit  caps  at  a  rate  of  4,000 
pieces  per  hr.  Bodies  and  caps  arc 
bulk  loaded  into  \ibratory  feeders. 
The  machine  also  incorporates  an 
automatie  shut-off  which  stops  the 
drive  when  cither  caps  or  bodies 
fail  to  feed.  The  dri\e  and  c\clc 
timing  are  electrical.  Capping  op¬ 
eration  is  pneumatic.  Circle  439  on 
Reader  Service  Card. 


Price  Electric’s  new  Style  6  micro-miniature  relay  is  a  lightweight,  crystal  can 
style  relay  designed  to  give  superior  performance  in  miniaturized  assemblies. 

Weighing  only  0.5  ounce,  the  Husky  Style  6  is  engineered  for  the  utmost 
simplicity— a  simplicity  that  allows  for  mass  production  of  a  high  quality, 
reliable  relay  that  is  as  versatile  as  it  is  dependable.  Termination  can  be  pro¬ 
vided  to  meet  most  requirements.  Style  6  meets  the  applicable  requirements 
of  military  specifications  and  will  perform  continuously  in  ambients  of  -65C  to 
•<■125C.  This  tiny  Husky  Relay  will  give  excellent  performance  in  guided  mfs- 
siles,  computers,  control  systems,  and  other  critical  applications. 

For  further  details  write  for  Bulletin  Number  10. 


SPECIFICATIONS 

Ambient  Temperature:  — 65C  to  125C. 

Coil  Orta— Supplied  with  920  ohms  ±10%  for 
26.5  VOC  nominal  operation.  Coils,  with  differ, 
ent  resistance  values,  are  available  for  other 
voltages. 

Contact  Arrangement— DPDT 

Contact  Rating— 2  amps,  at  26.5  VDC  or  115 

VAC  resistive. 

Contact  Resistance— 0.05  ohms  max. 

Dielectric  Strength— 1,000  volts  RMS  to  case, 
500  volts  RMS  across  open  contacts. 

Enclosure— Hermetically  sealed. 

Insulation  Resistance— 10,000  megohms  mini¬ 
mum  at  25C.  1,000  megohms  minimum  at  125C. 
Life— Minimum  expectancy  100,000  operations. 
Military  Specifications— Meets  applicable  por¬ 
tions  of  MIL-R-25018  and  MIL-R-5757C. 
Mounting— All  popular  types  or  styles  available. 
Operate  and  Release  Times— 5  millisecond  maxi¬ 
mum. 

Shock— 50  G  for  11  milliseconds. 

Terminals— Plug-in,  solder  and  printed  circuit 

&on  —10  to  55  cps  at  0.120"  double  ampli¬ 
tude.  55  to  2,000  cps  at  20  G  acceleration. 
Weight-0.5  oz. 


Toroids 
high  tolerance 

Barker  &  Williamson,  Inc., 
Canal  St.  &  Beaver  Dam  Rd.,  Bris¬ 
tol,  Pa.  Of  interest  to  manufac¬ 
turers  of  memory  dei’ices,  chokes, 
filters,  transformers  and  other  com¬ 
ponents  utilizing  toroids,  are  a  new 


1500  Church  St..  Frederick,  Maryland 
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Phase  Angle  Meter 
and  monitor 

Control  Electronics  Co.,  Inc., 
Huntington  Station,  N.  Y.,  has  de¬ 
veloped  a  phase  angle  meter  and 
monitor  that  provides  direct  read¬ 
ing  without  ambiguity,  together 
with  high  accuracy  o\er  a  wide  fre¬ 
quency  and  amplitude  range. 

lire  rugged  equipment  pro\ides 
accurate  and  rapid  measurement  of 
phase  difference,  no  matching  of 
amplitudes  or  wave  forms  being 
required.  It  offers  direct  reading  0 
to  360  deg  with'  accuracy  ±:  1  deg, 
20  to  20,000  cps,  and  makes  pos¬ 
sible  continuous,  unattended  moni¬ 
toring  of  phase  angle  by  use  of 
chart  recorder. 

Model  120  is  offered  for  use  in 
the  testirtg  and  inspection  of  serv  o 
amplifiers,  feedback  amplifiers,  au¬ 
dio  and  power  transformers,  re¬ 
solvers,  goniometers,  synchros  and 
polvphase  systems.  It  accepts  sinu¬ 
soidal  or  complex  wave  forms  and 
an  output  is  available  which  is 
suitable  for  use  with  recording 
equipment.  WY'ighing  59  lb,  its  di¬ 
mensions  are  111  by  20  by  18  in. 
deep  and  it  can  be  mounted  in  a 


PROBLEM: 

PINHOLES: 
SHORT  LENGTHS: 

SPACE: 

WEIGHT: 

DRESSING: 

CONCENTRICITY: 


ENCAPSULATION: 


CODE  IMPRINTING: 


No  pinhoKSwMitl^imiffrhJ  Inao  wire. 

Inao  can  lengtha  tip  to 

2,000  feet  with  no  breaka,  no  aplicea. 

Inao  givea  you  aa  much  aa  100%  apace  advantage. 
Inao  givea  you  aa  much  aa  S5%  weight  aaving. 

Shape  Inao  once  and  it  ataya  put  —  any  poaition, 
any  form. 

Inao'a  “fuaed  film"  Teflon  inaulation  ia  perfectly 
concentric,  alwaya  even  —  the  conductor  doean't 
“wander." 

Inao’a  apecial  Teflon  inaulation  can  be  encapaulated 
with  no  reduction  in  dielectric  atrength,  no 
diacoloring. 

Inao  will  take  any  cold  or  hot  atamping  proceaa. 


. . .  And  our  precision-fusing  process  insures  the  constant  quality  of  Inso 
Teflon  insulated  wire. 

Electrical  Testing  Laboratories,  Inc.  Report  367495  certifies  that  Inso 
4  mil  wall  wire  passes  all  MIL  spec,  tests  for  conventional  8  to  12  mil 
wall  Type  “E”  wire. 

In  production  —  Immediate  delivery  —  All  colors,  solid  and  striped 

•  8  mil  wall  Type  “E"  (MIL  W-16878-B) . . .  passes  ALL  spec,  requirements. 

600  volt  RMS.  2.0  KV 

•  6  mil  wall  Type  "E”  (MIL  W-16878-B) _ passes  ALL  spec,  requirements  (with  a  thinner  wall). 

000  volt  RMS,  2.0  KV 

•  4  mil  wall  Type  "E"  (MIL  W-16878-B) . . .  passes  ALL  spec,  requirements  (with  the  thinnest  wall). 

000  volt  RMS,  2.0  KV 

•  Pinhole-free  MAGNET  WIRE  -  exceeds  MIL  A-19583  -  4,  6  &  8  mil  wall. 

®DuPONT  Please  write,  wire  or  call  us  today  for 

samples  and  technical  data. 

INSO  PRODUCTS,  LTD. 

A  Subsidiary  of  Adam  Conaolidated  Induatriea,  Inc. 

.404  Fifth  Avenue,  New  York  18,  N.Y.  Wisconsin  7-4700' 

Plant:  Union,  N.  J.  Cable  Address:  "INSULATION  NEW  YORK" 

See  Us  at  the  IRE  Show,  Booth  4054 


line  of  specials,  wound  on  high- 
pcrmcabilitv'  cores. 

Sizes  range  from  s  in.  to  3  in. 
O'd  with  frequencies  from  1,000 
cps  to  200  kc.  They  are  available 
with  inductance  and  Q  values  to 
specification.  The  manufacturer 
claims  a  high  degree  of  stability  vs 
voltage  and  temperature,  and  they 
can  be  designed  to  compensate  for 
extreme  variations  in  temperature. 

Tolerances  are  said  to  range  from 
5  percent  to  1  percent  for  special 
requirements,  and  finishes  may  be 
plain,  waxed,  potted  encapsulated  or 
hermetically  sealed  to  meet  MIL- 
T-27A.  Circle  440  on  Reader  Serv¬ 
ice  Card. 


Wire 

problems? 


Use  the  no-'^rohlem 

INSO  Teflon®  Insulated 

wire  and  cable 
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Volta\ 


rrent  R^©s 


OlldllUIU^I) 


GROUND-SUPPORT  COMPUTERS  employ  o  number  of 


these  hermetically-sealed,  standard,  octal,  plug-in  net 


works.  Networks  have  up  to  10  specially  wound  resistors 


which  are  critically  located  end  lead-dressed  to  meet 


specifications  at  400  cycles.  All  units  are  production 
tested  for  voltage  division  accuracy  and  quadrature  error 
using  a  precise  400  cycle  bridge. 

SHALLCROSS  MANUFACTURING  COMPANY  •522Pu$ey  AYe.»Colllngdale.  Pa. 

SEE  US  AT  THE  I.R.E.  SHOW— BOOTH  2634 


Panel  Mount  Meter 
measures  phase  aifgle 

Ad-Yu  Electronics  Lab.,  Inc., 
249  Terhune  Ave.,  Passaic,  N.  J. 
Type  410  panel  mount  phase 
meter  has  the  following  features: 
(1)  No  electron  tube,  battery  or 
power  supply.  (2)  No  error  due  to 
harmonic  or  noise  content.  (3) 
No  amplitude  adjustment,  no  zero¬ 
ing;  direct  reading  in  degrees.  (4) 
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X-Y  Recorder 
with  time  base 

F.  L.  Moseley  Co.,  409  North  Fair 
Oaks  Ave.,  Pasadena,  Calif.,  an¬ 
nounces  the  model  3S  Autograf 
X-Y  recorder  with  built-in  time 
base  or  sweep  circuit  on  the  x-y 
axis.  It  will  plot  versus  time  any 
phvsical  or  mechanical  function 
which  can  be  reduced  to  electrical 
form.  Available  at  finger-tip  con¬ 
trol  are  five  calibrated  time  inter¬ 
vals  of  from  5  sec  to  500  sec  for 
full  scale  x-axis  pen  travel.  When 
the  time  base  is  not  used,  regular 
two-\ariable  plotting  may  be  ac¬ 
complished  as  desired.  Circle  442 
on  Reader  Service  Card. 


standard  19  in.  rack  when  the  cover 
is  remosed.  Circle  441  on  Reader 
Service  Card. 


Precise 


In  missiles,  computers,  instruments  ...  in  ac  or 
dc  circuits  .  .  .  wherever  voltage  or  current  must 
be  adjusted  within  close  limits  . . .  Shallcross  Net¬ 
works  provide  accuracy  and  dependability. 


FROM  A  RaiABILITY  STANDPOINT,  use  of  sealed 
networks  is  recommended  in  preference  to  indi¬ 
vidual  resistors  to  eliminate  harmful  preventive 
maintenance.  In  field  servicing  the  technician  is 
often  not  aware  of  the  precise  T.C.  and  reactance 
matching  of  otherwise  seemingly  ordinary  MIL 
resistors.  In  addition  to  special  winding  tech¬ 
niques  the  individual  resistors  in  critical  networks 
are  usually  stabilized.  Replacement  of  any  resistor 
with  a  standard  MIL  type  could  cause  equipment 
malfunction,  and  must  be  prevented. 


SECONDARY-STANDARD  VOLTAGE  REFERENCE  SOURCE 
is  built  around  this  24  terminal  Shallcrats  resistance 
netwark.  Using  an  ail-filled  enclased  netwark  at  21 
matched  T.C.  resistars  with  stabilities  at  0.001  Vo,  the 
instrument  maintains  an  absalute  accuracy  at  0.01  % 
tram  0*  to  SO'C. 


FROM  A  DESIGN  STANDPOINT  Shallcross’  skill 
and  ability  assure  adherence  to  the  most  exacting 
temperature,  stability,  shock,  size,  and  weight 
requirements.  Shallcross  precision  engineered 
networks  have  proven  eilet^ve  both  in  ground- 
based  and  airborne  equipment. 

Two  typical  Shallcross  resistance  networks  are 
described  below.  Many  others  with  specialized 
electrical  and  mechanical  characteristics  are  reg¬ 
ularly  manufactured. 


In  printed  card  receptacles 

Thebe^i^ 

ei/eAj  better! 


double  row  printed  card  receptacle 

IMPROVED  4  WAYS! 

It  IS  part  of  U.S.  COMPONENTS'  research  and  development  policy  never  to  be  satisfied  .  .  . 
always  on  the  alert  for  new  ideas,  materials,  methods  .  .  .  and  you  are  the  benefactor.  The  . 
new  improved  UPGR  D  Series  receptacles  is  an  excellent  example  of  the  company’s  continuous 
progress  in  the  field.  Here  is  a  foolproof  precision  connector  series  incorporating  a  number  of 
new  features,  the  result  of  a  close-liaison  between  application  engineers  and  U.S.  COMPONENTS 
The  proof  is  in  the  performance  .  .  .  write  for  sample  and  details!  These  new  features  are 
Incorporated  in  over  150  types  now  available,  meeting  environmental  requirements. 


New  UPCR-D  Series 


2  - 

CONTROLLED  TERMINAL 
HARDNESS.  bwyl- 

Hum  copper  pormits  floxlbiNty  in 
crucial  areas  maintaininc  maxi¬ 
mum  strength  and  no-creep. 


4  - 

PRECISION  CONTACTS, 
wire-solder,  taper  tab  (amp  7S). 
and  wire-wrap  versions.  Govern¬ 
ment  approved  processing— sHver 


3  - 

WIDE  BOARD  TOLERANCE 
RANOE,  controlled  and  repeal 
insertion  and  retention  forces  are 
assured  over  card  range  thick¬ 
ness  of  .062  or  093  ot  -*-.010. 


—  -  NEW  CONTACT  DESIGN. 
Kientiflcally  curved  for  minimum 
abrasion  during  repeated  card  in¬ 
sertion. 


U.S.  COMPONENTS,  INC. 

Associated  with  U.  S.  Toot  <t  Mfg.  Co.,  Inc. 

454  462  East  148th  Street.  New  York  55,  N.  Y,  CYpress  2-6525 

CABLE  ADDRESS  Components  N  Y  WUX  RYU 


SEE  US  at  the  I.R.E.  SHOW -BOOTH  2706 
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JENNINGS  PRESENTS 


Iacuum  relays 


2PDT  RB3 


2PDT  M2 


New  SPOT  RBI  — ^ 

Only  2  V2"  High  ^ 


An  all  new  series  of  vacuum  relays 
designed  for  use  where  space  is 
critical  and  voltages  high. 


Jennings  vacuum  transfer  relays  have 
long  been  unsurpassed  in  difficult  rf 
and  dc  switching  situations  involving 
aircraft  antennae,  antennae  tuning 
coils,  and  radar  pulse  forming 
networks.  The  minimum  space 
requirements  of  these  new  miniature 
relays  make  them  even  more  effective 
than  previous  vacuum  relays  for 
airborne  applications. 


High  voltage  in  a  vacuum  requires  only 
1/64  inch  contact  separation.  This 
fractional  movement  permits 
construction  of  very  small,  efficient 
actuating  mechanisms.  The  compact 
design  of  these  miniature  relays  has 
resulted  in  much  higher  shock  and 
vibration  characteristics.  Voltage  and 
current  ratings  are  increased  over 
previous  vacuum  relays  through  new 
design  use  of  ceramics  and  improved 
processing  techniques. 


These  new  RB  relays  employ  unique 
self-aligning  roller  contacts  to 
achieve  positive,  reliable  operation, 
Available  contact  arrangements 
include  SPOT,  2PDT  or  4PDT  relays. 


LrADIOi^® 


4PDT  KB4 


Write  for  further  information 
on  this  new  series. 


lENNINGS  RADIO  MANUFACTURING  CORP.-  970  McLAUGHLIN  AVE.  P.O.BOX  1278  •  SAN  JOSE  8.  CALIF. 


No  drift,  no  warm-up  period  re¬ 
quired;  perfect  stability.  (5)  High 
accuracy,  ±2.5  percent.  (6)  Small 
physical  size,  4i  in.  by  51  in.; 
weight  less  than  3  lb.  (7)  No 
ambiguity;  meter  indicates  E,  lead 
E,. 

The  device  is  very  suitable  for 
measuring  phase  angle  between 
two  periodic  potentials  of  any 
shape,  sinusoidal  or  nonsinusoidal, 
regardless  of  the  relations  between 
the  peak  values.  Phase  ranges  are 
0-36  deg,  0-90  deg,  and  0-180  deg. 
Circle  443  on  Reader  Service  Card. 


Coil  Checker 
shows  shorted  turns 


K.\rtron,  P.  O.  Box  472,  Hunt¬ 
ington  Beach,  Calif.  Model  101-G 
for  microminiature  coils  is  the 
latest  version  of  the  shorted  turn 
indicator.  It  checks  unmounted 
electrical  coils  with  inside  dimen¬ 
sions  down  to  less  than  A  in. 
square  with  sensitivity  approach¬ 
ing  that  of  the  other  models  101-D 
and  101-E  with  larger  mandrels, 
or  probes.  It  will  not  check  to¬ 
roids.  Manual  43  contains  a  full 
description.  Circle  444  on  Reader 
Service  Card. 


Photovoltaic  Cells 
silicon  devices 


Hoffman  Electronics  Corp. 
Semiconductor  Division,  930  Pitner 
.\ve.,  Evanston,  Ill.  new  scries  of 
silicon  photovoltaic  cells  have  a 
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VOLTS  Full  scale 


BAILANTINE  LABOR  ATORIES,  INC.  ( 


response  time  of  less  than  20  ^sec, 
and  a  lifetime  exp>ectanc\-  of  over 
10,000  years.  They  are  particularly 
suitable  for  photoelectric  de\-ices 
requiring  extremely  fast  response, 
dependabilih’,  maximum  light  sen- 
siti\ity  and  low-cost. 

The  silicon  cells,  which  are  self- 
generating,  require  no  external 
power  supply.  Their  compact  size 
allows  for  a  greater  number  of  con¬ 
trol  circuits  than  previously  pos¬ 
sible,  where  space  is  at  a  minimum. 

The  cells  operate  effecti\ely 
through  temperature  variations 
from  —65  C  to  -1-175  C  and 
higher,  with  a  spectral  response 
range  from  3,000  to  over  10,000 
Angstroms.  Applications  include 
punched  tape  and  card  readouts; 
programming  controls;  pinhole  de¬ 
tection;  remote  switching  controls; 
infrared  sensing:  automatic  count¬ 
ing;  heat,  flame  and  hot-metal  de¬ 
tection.  Circle  445  on  Reader  Serv¬ 
ice  Card. 


•  Ootstand^  stability 

•  High  input  impedance 

•  Wide  ^voltage  range 

•  large  easy  to  read 
meter  with  overlap 

•  Nigh  accuracy  at  any 
point  on  the  scole 

•  Light,  compact,  rugged 


MClBns 


MODEL  300-D 

PRICE:  $235. 


Signal  Generator 
standard  frequency 

Ad-Yu  Electronics  Lab.,  Inc., 
249  'I'erhune  Ave.,  Passaic,  X.  J, 
T\pc  209  standard  frequency  signal 
generator  has  an  accuracy  of  ± 
0.005  percent.  The  instrument  con¬ 
sists  of  a  tuning  fork  oscillator, 
with  negati\e  feedback  for  ampli¬ 
tude  stabilization;  a  twin-T  filter 
with  a  cascode  amplifier  for  elimi¬ 
nation  of  harmonic  distortion;  an 
output  cathode  follower;  a  resisti\c 
attenuator  with  2,500  ohms  im¬ 
pedance;  an  output  meter  circuit  to 
indicate  the  signal  voltage  at  the 
output  terminals;  and  a  regulated 
power  supply. 

In  conjunction  with  a  power  am¬ 
plifier,  such  as  the  type  230.  this 
instrument  mav  become  a  \aluable 


SPECIHCATtONS 


VOLTAGE  RANGE:  1  millivolt  to  1000  volts  rms.  in  6  decode  ranges.  (.01,  .1,  1,  10, 
100  ond  1,000  volts  full  scale). 

FREQUENCY  RANGE;  10  to  250,000  cps. 

ACCURACY:  2%  throughout  voltage  and  frequency  ranges  and  at  all  points  on  tha 
motor  ttala. 

INPUT  IMPEDANCE:  2  megohms  shunted  by  15  vvl  except  25  ppf  on  lowest  range. 

DECIBEL  RANGE:  -60  to  60  decibels  referred  to  I  volt. 

STABILITY:  less  than  %  chonge  with  power  supply  voltage  variation  from  105  to 
125  volts. 

SCALES:  Logarithmic  voltage  scale  reading  from  1  to  10  with  10%  overlap  at  both 
ends;  auxiliary  lineor  scale  in  decibels  from  0  to  20. 

AMPLIFIER  CHARACTERISTICS;  Maximum  voltage  gain  of  60  DB;  maximum  output 
10  volts;  output  impedance  is  300  ohms.  Frequency  response  flat  within  I  DB  from 
10  to  250,000  cps. 

POWER  SUPPLY:  115/230  volts,  50-420  cps,  35  watts  approx. 


W'rite  for  catalog  for  complete  information. 


100  FANNY  ROAD,  BOONTON,  NEW  JERSEY 
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NOW!  a  better  L-Band  TR 
in  a  smaller  package 

Crystal  protection  guaranteed  over  500  hour 
minimum  tube  life  at  full  rated  power  in 
Microwave  Associates  new  TR! 

NEW,  FIELD-TESTED  DESIGN 

Desispied  specifically  to  overcome  the 
held  dehciencies  of  conventional  6633 
tubes,  the  MA  336/7166  offers  sub¬ 
stantially  improved  performance  in 
all  characteristics.  See  comparison 
chart  below. 

Several  hundred  of  these  tubes  have 
been  in  the  held  for  many  months  and 
are  used  in  early  warning  systems  op¬ 
erating  24  hours  a  day. 

The  first  failure  has  yet  to  be  reported 
either  from  the  fMd  or  from  monthly 

production  Ufe  testsl  PROGRESS  IN  SWITCHING  DEVICES 

pe  MA  336  is  a  compact  rugged  tube  Microwave  Associates’  special  switch- 

nWW for**  devices  group  under  the  direction 

pletely  ^aranteed  for  performance.  ^  p  Laurence  Gould  is  making 
It  IS  tn  futt  production  and  available  g^eady  advances  in  the  art.  Available 

right  now  are 

COMPARISON  CHART  high  performance 


Crystal  protection 


Recovery  time 

- 1^-—.— - -  If  you  are  inter- 

Low  level  charac-  VSWR  1.3  max.  over  VSWR  1.4  max.  In-  f*.**,^  *“’**«^*"« 

teristics  full  band.  Insertion  sertion  loss:  0.7  db  Wgn  powers  and 

loss:0.5db  (.7dbat  (1.0 db  at  end  of  life.)  ««  guaranteed 

end  of  life.)  crystal  protection 

-  at  any  frequency 

B  7.25"  long  10.1"  long  write  or  coil  for 

- - - - — - -  full  information 

1  IMICROWA.-V'E  -A.SSOCI-A.TES  IISTC. 
B  BURLINGTON,  MASSACHUSETTS  .  Telephone  BRowning  2-3000 


MA  336/7166 

Guaranteed  for  500  hrs. 
min.  at  full  rated  pow¬ 
er  :  2  megawatt  peak 

Short  ...  less  than 
25m  seconds 

VSWR  1.3  max.  over 
full  band.  Insertion 
loss:  0.5  db  (.7  db  at 
end  of  life.) _ 

7.25"  long 


PROGRESS  IN  SWITCHING  DEVICES 

Microwave  Associates’  special  switch¬ 
ing  devices  group  under  the  direction 
of  Dr.  Lawrence  Gould  is  making 
steady  advances  in  the  art.  Available 
right  now  are 
r  high  performance 

- ; -  tubes  of  advanced 

Conventional  41^6633  desigpi :  high  pow- 

- ; -  er  single  and  dual 

Not  guaranteed  pre-TR  tubes; 

low  level  receiver 
_  protector  tubes 

10.845, 


VSWR  1.4  max.  In¬ 
sertion  loss:  0.7  db 
(1.0  db  at  end  of  life.) 


10.1"  long 


precision  frequency  power  source 
for  testing  servo  components. 

The  standard  frequency  is  400 
cps;  other  frequencies  can  be  sup¬ 
plied  on  request.  Output  voltage 
range  is  0  to  10  v  continuously 
variable.  An  output  meter  is  sup¬ 
plied  for  direct  indication  of  a 
signal  voltage  at  output  terminal 
on  panel  meter  in  rms  value,  with 
an  accuracy  of  ±  3  percent.  Out¬ 
put  impedance  is  2,500  ohms.  Dis¬ 
tortion  is  less  than  0.5  percent. 
Circle  446  on  Reader  Service  Card. 


Input  Unit 
for  tape  punch 

Coleman  Engineering  Co.,  Inc., 
6040  West  Jefferson  Blvd.,  Los 
Angeles  16,  Calif.  A  compact  tape 
punch  input  unit  recently  de- 
\eloped  by  Coleman  mounts  di¬ 
rectly  on  a  motorized  tape  punch 
manufactured  by  Commercial  Con¬ 
trols.  The  integral  unit  accepts 
digital  input  data,  programs  the  de¬ 
sired  format,  and  scans  the  digital 
information  into  the  tape  punch. 

Designated  model  CCV-40,  the 
new'  tape  punch  input  unit  features 
a  patching  program  plug  to  permit 
format  changes  to  be  made  easily, 
capacity  up  to  40  information  bits 
(digits,  command  symbols,  etc.), 
and  a  diode  matrix  to  provide  any 
desired  code  up  to  8  channels. 

The  unit  is  also  available  for 
rack  panel  mounting.  Circle  447 
on  Reader  Service  Card. 


Solid  Electrolytics 

with  new  ratings 

Sprague  Electric  Co.,  35  Mar¬ 
shall  St.,  North  Adams,  Mass. 
Expansion  of  available  ratings  of 
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solid  electrolyte  Tantalex  capaci¬ 
tors  to  include  new  ratings  from 
0.22  fif  to  4.7  Ilf  at  35  v  d-c  is 
announced.  These  new  higher 
ratings  are  expected  to  find  wide 
application  on  28  y  electronic 
equipment  used  in  aircraft  and  mis¬ 
siles,  both  of  electron  tube  and 
transistor  circuit  design. 

Sprague  has  also  added  20  v 
solid-elcctrolyte  Tantalex  electro¬ 
lytic  ratings  from  0.22  ftf  to  15  /tf 
to  its  standard  line. 

These  new  designs  are  of  the 
sintered-anode  type  and  comple¬ 
ment  the  lower  capacitance  wire- 
anode  tspes  previously  announced. 
Circle  448  on  Reader  Service  Card. 


> 


output  terminals  is  300  ohms  nomi¬ 
nal  shunting  resistance,  and  2  nl 
series  capacitor  for  d-c  blocking. 
Input  imjjcdance  is  about  100  K 
in  series  with  2,000  iifif  to  ground. 
Circle  449  on  Reader  Ser^’ice  Card. 


Molded  Plugs 

fit  standard  tube  sockets 

Methode  Meg.  Corf.,  7447  W. 
Walson  A\e.,  Chicago  51,  111. 
Seven  and  nine  prong  molded 
plugs  which  fit  standard  tube 
sockets  now  proxidc  economical 
means  for  easily  engaged  multilead 
connections.  Offering  consider¬ 
able  space  sa\ings  o\er  the  earlier 
octal  and  wafer  t\pe  construction, 
plugs  and  mating  sockets  are  a\ail- 
able  in  both  commercial  materials 
and  finishes  and  to  the  applicable 
requirements  of  J.\NS-28.\.  Ibe 
connector  pairs  benefit  from  the 
high  reliability  and  low  cost  in¬ 
herent  in  high  production  \acuum 
tube  socket  terminals.  Circle  450 
on  Reader  SeiA'ice  Card. 


where  to  get  the  best  bandpass  filters? 


Major  Quiggle*,  KC,  AC,  DC,  MC,  fixed  his  procurement 
manager  with  a  withering  stare.  “So  now  our  whole  production 
line  is  held  up,”  he  barked,  “while  you  try  to  find  a  good 
bandpass  filter  with  a  flat  response  between  17  and  20  kcs. 

And  you  also  insist  that  it  have  sharp  low  and  high  frequency 
cut-off,”  he  added. 

The  manager  reeled  with  the  outburst.  Never  had  he  seen 
the  old  man  in  such  a  fury  over  a  simple  question  of  where 
to  get  the  best  bandpass  filters. 

Quiggle  continued,  “Haven’t  you  been  reading  the  trade  paper 
advertisements?  Why  don’t  you  call  Barker  &  Williamson! 
They’ve  been  making  filters  of  all  types  such  as  Band 
Elimination,  High-Pass  and  Low-Pass  for  years  . . .  must  be 
experts  on  the  subject,  they’ll  have  the  answer.” 

And  B&W  did  have  the  answer.  The  Model  360  torroidal  ^ 
bandpass  filter  was  perfect.  With  a  flat  response  between  M  /K 
17.2  and  20.2  kcs,  Quiggle’s  engineers  found  many  other  m 
favorable  characteristics  when  they  obtained  a  spec  sheet  ^ 
on  the  unit  by  the  simple  expedient  of  calling  B&W. 

*Now  o  confirmed  customer  ond 
friend,  nome  is  withheld  intentionally 


Transducer 
measures  temperature 

N.^cimco  Products,  Inc.,  Na¬ 
tional  Citv,  Calif,  I’hc  instrument 
illustrated  is  a  precision  resistance 
thermometer  type  of  temperature 
transducer  utilizing  deposited  plat¬ 
inum  film  techniques.  It  has  excep¬ 
tional  speed  of  response,  and  is 


Beaver  Road,  Bristol,  Penna. 


RAW  aMign  and  manufactura  flHors  foe:  ANTENNAS*  RADIO  INTERFERENCE  •RADIO  RANGE*  UHF  and  VU^ 
on  n,nl|  a,  nony  spociol  typos  dosipnod  to  porforinonco  specifleatioos.  Avoiloblo  to  cooimofciol  or  inilitory  stondof^^ 
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said  to  be  50  to  100  times  faster 
than  any  temperature  measuring 
instrument  heretofore  axailable. 

The  new  temjjerature  transducer 
is  extremely  rugged  and  has  the 
abilih'  to  withstand  extremes  of 
both  vibration  and  pressure.  It  has 
a  base  resistance  up  to  10,000 
ohms,  with  ranges  from  —  370  deg 
to  +  500  F.  Sensing  element  of 
the  instrument  is  i  in.  in  diameter 
and  0.030  in  thickness. 

This  deposited  film  t\pe  unit  is 
offered  in  a  number  of  configura¬ 
tions.  Primarily  dexeloped  for  mis¬ 
sile  use,  it  is  being  used  at  present 
by  a  number  of  major  companies 
working  on  missiles.  A  wide  range 
of  potential  applieations  for  auto¬ 
mation  and  instrumentation  are  be¬ 
ing  projected.  Circle  451  on 
Reader  Service  Card. 


Reel-Pack  Feed 
and  clip-bend 

Strempel  Instrument  Corp., 
Lake  George,  N.  Y.,  announces  two 
new  units:  an  automatic  clip-bend 
machine  and  an  automatic  rccl- 
pack  feed  meehanism  (shown 
mounted  on  the  clip-bend).  The 
clip-bend  machine  cuts  leads  of 
axial  lead  parts  and  bends  them  at 
right  angles  for  mounting  in  wiring 
boards. 

It  is  fully  adjustable  and  will  ac¬ 
commodate  all  connnonlv  used 
parts.  Operating  rate  is  4,000  pieces 
per  hr.  Set-up  time,  changing  all 
dimensions,  is  approximately  2 
niin.  The  automatic  reel-pack  feed 
mechanism  will  feed  reel-packed 
parts  to  any  machine.  Tliis  simple 
feed  senses  the  emptying  of  parts 


ELAPSED  TIME 
INDICATOR 


/yfew/ 

MINIATURE 

TIMERS 

of  Field-Proved 
PERFORMANCE 

k 

HAYDON* 

at 

TORRINGTON 

[-1-1 1/16" -j 


TIMING  MOTOR 


FOR  1 1 5  VOLT,  400  CYCLE  OPERATION 


First  to  develop  a  truly  miniature  elapsed  time  indicator, 
HAYDON  at  Torrington  now  offers  this  varied  line  of  min¬ 
iature.  hermetically  sealed,  timing  devices  .  .  .  all  tested 
and  proved  in  the  field  in  missile  guidance  and  jet  aircraft 
applications. 

Basis  of  all  these  miniature  devices  is  the  Haydon  400  cps 
Synchronous  Timing  Motor  .  .  ._  the  inherently  accurate 
approach  to  instrumentation  in  military  equipment.  Sealed- 
in-steel  case  eliminates  stray  magnetic  fields.  Elapsed  Time 
Indicators  are  available  in  the  direct-reading  type  illustrated 
and  also  in  dial  type.  Newest  additions  to  the  line  are  the 
miniature  Time  Delay  Timer  and  the  miniature  Repeat 
Cycle  Timer  available  with  1  to  4  switches.  Weight  is  approx. 
7  ounces. 

OTHER  HAYDON  TIMERS  FOR  MILITARY  APPLICATIONS  .  .  . 

include:  D-C  Timing  Motors  for  6  to  32  volt  operation,  60 
Cycle  A-C  Motors  in  a  very  wide  range  of  speeds.  Heavy 
Duty  400  Cycle  Timing  Motors,  and  Elapsed  Time  Indica¬ 
tors  for  60  cycle  operation. 

GET  COMPLETE  INFORMATION  NOW  ... 

Consult  the  Haydon  Field  Engineer  in  your  area  or,  if  you 
prefer,  write  to  us  direct,  outlining  your  requirements.  You  11 
find  that  Haydon  has  the  experience,  know-how  and  facilities 
to  solve  all  your  timing  problems. 

*TIIAOEMAI(K  Nia.  U.*.  AATINT  OmCC 


Division  of  General  Time  Corporation 
2427  East  Elm  St.,  Torrington,  Conn. 
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from  its  discharge  chute  and  re¬ 
fills,  keeping  up  with  any  demand 
rate  to  10,000  parts  per  hour.  It 
has  a  universal  mounting  suitable 
for  use  in  any  existing  machinery. 
Circle  452  on  Reader  Service  Card. 


eooered  by  patentt 


UHF  Loading  Coil 
for  antenna  testing 

Alto  Scientific  Co.,  855  Com¬ 
mercial  St.,  Palo  Alto,  Calif.  Model 
0-21  self-contained  uhf  loading  coil 
for  antenna  testing  comprises  two 
concentric  drums  wound  with 
plated  copper  ribbon  wire.  Induc¬ 
tance  IS  varied  through  a  common, 
spring-loaded  gear  drive  with  a 
positive  mechanical  stop  at  high 
and  low  ends.  Provision  is  made  for 
application  at  an  external  mechan¬ 
ical  tuning  drive. 

Designed  for  operation  at  fre¬ 
quencies  from  24  to  52  me,  the 
new  coil  permits  inductance  to  be 
varied  from  3  to  0.1  /ih.  Q  is  greater 
than  50  at  52  me  and  greater  than 
225  at  24  me.  Power  handling  capa¬ 
bility  is  25w.  Circle  453  on  Reader 
Service  Card. 


Twelve-and-a-half  microvolt  resolution  at  20  readings  per 
second !  That’s  the  outstanding  feature  of  the  analogue-to- 
digital  converter,  developed  by  Non-Linear  Systems,  Inc., 
Del  Mar,  California,  to  “digitalize”  the  output  of  low-volt¬ 
age  transducers  in  either  ground  or  airborne  service. 

It’s  significant  that  Non-Linear  Systems  engineers  se¬ 
lected  thirteen  miniature  Bristol  Syncroverter*  high-speed 
relays  (inset,  top)  for  use  in  the  converter  scanning  cir¬ 
cuits.  This  versatile,  high-speed,  polarized  relay  has  earned 
an  enviable  reputation  for  reliability,  long  life  and  immu¬ 
nity  to  shock  and  vibration  in  just  such  critical  low-level, 
dry-circuit  applications. 


Are  dry  circuits  your  problem? 


7/  so,  toe  believe  we  have  the  answer.  Dry-circuit  reliability 
and  long  life  are  outstanding  features  of  the  Syncroverter 
high-speed  relay.  It’s  unaffected  during  severe  shock  and 
vibration.  It  has  fast  pull-in  and  drop-out  and  negligible 
contact  resistance,  and  it  operates  reliably  over  a  wide  tem¬ 
perature  range. 


More  than  20  models  available 


You  can  specify  Bristol  Syncroverter  high-speed  relays 
in  an  extremely  wide  variety  of  operating  characteristics 
and  in  various  case  and  mounting  arrangements.  Ask  us 
Tor  complete  details.  Write:  The  Bristol  Company,  152 
Bristol  Road,  Waterbury  20,  Conn.  s.sa 

•r.  M.  Reg.  U.  S.  Pat.  Off. 

FINE  PRECISION  INSTRUMENTS 
DKI9  I  wL  FOR  OVER  68  YEARS 

Sm  our  exhibit  in  Booth  3932  at  the  IRE  Show 


Eight  Ceramics  - 
for  capacitor  reliability 

Mucon  Corp.,  9  St.  Francis  St., 
Newark  5,  N.  J.  Subminiaturc 
ceramic  capacitors  are  now  availa- 
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blc  in  eight  different  ceramie  ma¬ 
terials  to  obtain  the  minimum  size 
for  the  sp>eeifie  temperature  ehar- 
acteristies  required. 

For  example,  a  eap>aeitor  of  2.5 
ftfif  measures  i  in.  square  when 
made  with  NPO  ceramie  which  has 
a  zero  temperature  coefficient;  at 
the  other  extreme,  a  iin.  square 
capacitor  made  with  Super-K 
ceramic  measures  1,000  (ifif  but  is 
usable  only  o\er  a  limited  tempera¬ 
ture  range. 

Various  other  ceramics  give  in¬ 
termediate  sizes  and  temperature 
characteristics. 

'Iliinlinc  capacitors  with  radial 
or  axial  leads,  ribbon  lead  units  or 
standoffs  are  also  available  with 
each  ceramic.  Circle  454  on  Read¬ 
er  Service  Card. 


Magnetic  Amplifier 
d-c  to  d-c 

Acromag,  Inc.,  22519  Telegraph 
Road,  Detroit  41,  Mich.  Model 
420  is  a  d-c  to  d-c  magnetic  ampli¬ 
fier  especially  designed  for  missiles, 
automatic  pilots,  helicopter  rotor 
speed  controls,  jet  engine  fuel  con¬ 
trols,  and  nuclear  measuring  and 
control  equipments.  It  often  re¬ 
places  chopper-stabilized  amplifiers 
where  extreme  bandwidth  is  not  re¬ 
quired. 

Model  420  has  a  transimped¬ 
ance,  Z™,  of  50,000  ohms  and  de¬ 
livers  full  linear  d-c  output  from 
lO/tw  of  d-c  control  signal;  fre¬ 
quency  response  extends  from  d-c 
to  25  cps,  depending  on  circuits 
used.  It  contains  a  push-pull,  full- 
wave,  reversible-polarity  magnetic 
amplifier  and  uses  negative  feed¬ 
back  for  stabilization  and  for  im¬ 
proved  linearity.  Sp>ecial  p)ower  supj- 
plics,  bias  supplies,  and  balance 
controls  are  not  needed.  Model 
420  uses  less  than  5  w  of  power 
and  operates  from  standard  115  v 


prove  conclusively  the  high 
power  . . .  high  humidity  resist¬ 
ance  .  .  .  stable  operation  in 
high  ambients — of  Victoreen 
resistors.  And  you  get  all  these 
desirable  qualities  in  Victoreen 
precision  resistors — Victoreen 
models  RX-4  and  RX-5. 


Who  ever  heard  of  boiling 
water  with  resistors?  Though 
they’re  obviously  not  designed 
for  this  purpose,  Victoreen  vdtra- 
stable  film  type  resistors  can  do 
it.  What’s  more  they  stand  up 
under  this  abuse. 

The  “boiling  water  test’’  does 


200  ohms  to  200  megohms 
1,2,  5,  10% 

.413  dio.  X  SVis'  long 
low  at  150*C 
5W  at  250*C 


200  ohms  to  50  megohms 
1,  2,  5,  10% 

.413  dio.  X  2"  long 
5W  at  150*C 
3W  at  225*C 


Resistance 

Tolerance 

Size 

Power 


Stability — ±  1%  for  1000  hours  guaranteed  life  at  rated  power 


If  you  have  an  application  requiring  precision  resistors  for  opera¬ 
tion  at  high  power  with  high  stability  in  severe  ambients,  it  will 
pay  you  to  check  with  Victoreen  first.  aa-tom 


Victoreen's  Ultra-Stable  Film  Type  Resistors  will  be  on  display  at  the 
IRE  SHOW  BOOTH  2232 

The  Victoreen  Instrument  Company 

Component*  Division 

5<06  Hough  Avenve  *  Cfevefansf  3,  Ohio 
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AMPSRITE 

PREFERRED 

by  design  engineers-  because  they’re 
OST  COMPACT  .  SIMPLEST  .  MOST  ECONOMICAL 
HERMETICALLY  SEALED 


^mperits 
delay 
relay 


t  ll  ll  I  ll 


Also  —  Amperife  Differential  Re¬ 
lays:  Used  for  ciutonuitic  overload,  un 
der-voltoge  or  under-current  protection 
PROBLEM?  Send  for  Bulletin  No.  TR-81 


BALLAST  REGULATORS 

Aniperite  Regulators  are  designed  to  keep  the 
current  in  ci  circuit  automatically  regulated 
at  a  definite  volue-  (for  example,  0.5  nmp.) 

.  For  currents  of  60  inn.  to  5  amps.  Operate 
on  AC,  0  (.,  or  Pulsating  Current, 


Thermostatic 
DELAY  RELAYS 

2  to  180  Seconds 

Actuated  by  a  beater,  they  operate  on 
A.C  ,  D.C.,  or  Pulsating  Current. 

Hermetically  sealed.  Not  affected  by 
oltitude,  moisture,  or  climate  changes. 

SPST  only— normolly  open  or  closed 

Compensated  for  ambient  temperature 
changes  from  — 55  to  70  C.  Heat¬ 
ers  consume  opproximotely  2  W.  and 
may  be  operated  continuously.  The  units 
are  rugged,  explosion-proof,  long- 
lived,  and— inexpensive! 

TYPES:  Standard  Radio  Octal,  and  9- 
Pin  Miniature  .  list  Price,  $4.00. 

Standard  Delays 


AMPERin 

HeCULATOR 


400  cps  power.  It  is  completely  ^ 
self-contained. 

Distorted  supply  waveforms,  10 
percent  voltage  and  frequency  \ar- 
iations,  and  temperatures  from 
—  55C  to  4-85  C  do  not  impair 
performance.  The  unit  is  hermeti¬ 
cally  sealed  and  ruggedized  in  a 
steel  case  li  in.  in  diameter  by  i 
in.  in  height.  Weight  is  less  than 
9  oz.  Circle  455  on  Reader  Service 
Card. 


Casting  Powder 
speeds  encapsulation 

Epoxy  Products,  Inc.,  157  Coit 
St.,  Irvington,  N.  J.,  has  available 
the  new  Epoxy  E-h’orm  casting 
powder  for  the  encapsulation  of 
electronic  components.  It  is  a  sta¬ 
ble,  drv  blend  of  epoxy  resin  and 
hardener,  in  an  easily  handled,  non¬ 
toxic  powder  form.  Exhibiting  all 
of  the  physical  and  electrical  prop¬ 
erties  inherent  in  epoxy,  the  new 
powder  offers  the  further  advan¬ 
tage  of  liquefying  and  then  hard¬ 
ening  when  heated.  The  powder 
was  initially  develop>ed  for  use  in 
conjunction  with  Epoxv  E-Case 
shells.  Circle  456  on  Reader  Serv¬ 
ice  Card. 


Hermefically  sealed,  they  are  not  affected  by  changes  in  altitude, 
ambient  temperature  ( — 55  to  90  C.),  or  humidity  . .  .  Rugged, 
light,  compcKt,  most  inexpensive . List  Price,  $3.00. 

Write  for  4-page  Technical  Bulletin  No.  AB-51 

ImPERITE  CO. Inc.,  561  Broadway,  New  York  12,  N.  Y. 

Telephone:  CAnal  6-1446 

In  Canada:  Atlas  Radio  Corp,,  Ltd.,  50  Wingold  Ave.,  Toronto  10 


D-C  Power  Supply 
is  modularized 

Dynamic  Controls  Co.,  1955 
Massachusetts  Ave.,  Cambridge, 
Mass.  Modular  construction  of 
regulated  d-c  supplies  allows  fast 
installation  of  a  system,  rhe  sui>- 
plics  arc  sectionalized  into  three 


250 


CIRCLE  211  READERS  SERVICE  CARD 


March  14,  7958  — ELECTRONICS  engineering  edition 


basic  panels  for  rack  mounting: 
rccti6er,  regulator  and  series-tube. 
.\  single  regulator  controls  any 
number  of  series-tube  sections  oj>- 
erating  in  parallel.  The  series-tube 
panels  are  conserA-atively  rated  at 
one  ampere.  The  rectifiers  come  in 
three  voltage  ranges  which  in  co¬ 
operation  with  the  regulators  gi\e 
output  voltages  from  0  to  1 50,  1 50 
to  300,  and  300  to  500;  current 
ratings  are  1,  3,  6  and  10  amperes. 

Expansion  can  be  provided  by 
piualleling  series-tube  sections  and 
installing  a  larger  rectifier  or  a 
parallel  rectifier.  Interchangeability 
reduces  obsolescence.  Output  solt- 
age  performance  is  better  than  0.1 
percent  for  load  and  line  changes, 
including  transients.  Circle  457  on 
Reader  Service  Card. 


Impedance  Bridge 
packaged  system 

Pennsylvania  Testing  Labora¬ 
tory  Inc.,  Doylestown,  Pa.  A 
completely  packaged  unit  is  offered 
as  a  standard  system  for  measuring 
inductances  with  high-voltage  a-c 
applied  simultaneously  with  large 
d-c  currents. 

T\pe  277  is  complete  and 
•provides  for  inductance  measure¬ 
ments  from  1  ^h  to  1000  henries 
with  superimposed  d-c  currents  as 
high  as  4  amperes  and  a-c  voltages 
up  to  250  V  from  20  cps  to  20  kc. 
No  auxiliaiy-  equipment  is  ncces- 
saiy-.  The  bridge  oscillator,  power 
amplifier  and  d-c  power  supply  are 
included  as  well  as  a  sensitive  null 
indicator  which  will  indicate  inde¬ 
pendently  the  real  and  quadrature 
components  of  the  bridge  balance 
oints. 

I  he  bridge  ratio  arms  will  dissi- 


WW  IMnEGNATEO  THUMOSCniNG 
PHENOIIC  MOISTURE  SEN. 


LESS  THAN  0.07%  AVERAGE  CHANGE 
AFTER  1000  HOUR  EXTREME  HUMIDITY  TEST 


ERIE  "PAC^ 

...THE  ONLY  MODULE 
THAT  INCORPORATES 
PRECISION  RESISTOR 
ELEMENTS  IN 
ITS  BASIC  DESIGN 


Through  the  employment  of  Yo  watt 
precision  film  resistors,  ERIE  has 
added  to  its  line  of  “PAC”  modules 
Emd  greatly  widened  the  field  of  effec¬ 
tive  “PAC”  applications. 

“PAC”  Pre-Assembled  Components 
have  proven  immensely  popular  with 
manufacturers  of  home  and  auto 
radios,  TV  sets,  electronic  organs,  and 
other  equipment. 

The  new  “PAC”  units  incorporat¬ 
ing  deposited  carbon  resistors,  are 
highly  resistant  to  humidity,  and  offer 
high  reliability  for  precision  military 
and  industrial  applications.  They 
have  been  thoroughly  proven  in  severe 
humidity  tests  in  which  they  with¬ 
stood  1,000  hour  exposure  with  an 
average  change  of  less  than  0.07% 
and  maximum  change  of  0.19%. 

Samples  will  be  sidimitted  for  your 
own  trial  tests  and  applications. 


ERIE  FcE^^^R  CORPORATION 

MAIN  OFFICES  ERIE  PA  USA 
f ACTORIIS  ERIE  PA  •  MOUY  SPRINGS  MISS  •  TRENTON,  ONTARIO,  CANADA 
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NOW!  PROVEN 


RELIABILITY 

OUTDATES  LESS  DEPENDABLE  VIBRATORS 


pate  500  w  a-c  and/or  d-c  and 
remain  0.1  percent  accurate.  Effec¬ 
tive  resistance  within  a  billion  to 
one  range  is  also  measurable  as 
well  as  inductance.  Circle  458  on 
Reader  Service  Card, 


Diode  Clip 

for  secure  shock  support 


DC-DC  STATIC  CONVERTERS 

Compact,  highly  efficient  Universal  Transistorized  Static  Converters  outlast 
conventional  non-transistorized  vibrator  power  supplies  and  similar  mechan¬ 
ical  equipment  by  thousands  of  hours.  They  convert  DC  voltage  to  higher 
DC  voltage  more  efficiently  in  minimum-sized,  lightweight  packages.  These 
features  are  particularly  important  where  space  is  at  a  premium,  as  in  two 
way  radios  and  public  address  amplifiers. 

Universal  DC-DC  Converters  are  complete  units,  fully  transistorized,  rectified 
and  filtered.  They  require  lower  maintenance  because  there  are  no  moving 
parts,  no  wear,  no  tear,  no  arcing. 


XJITIAT’ERS.A.L 

ONE  COMPLETE  SOURCE  FOR  QUALITY  POWER  SUPPLIES: 

•  DC-AC  Inverters  •  AC  to  DC  •  DC  to  DC 

•  High  Voltage  •  Low  Voltage 

•  High  Power  •  Low  Power 

•  Custom  units  operate  over  Wide  Temperature  Ranges 
and  Rugged  Shock  conditions. 

"For  leaders  such  os  Bendix  Radio,  Dumont,  Genera!  Electric,  RCA,  Sperry  Products 
end  Western  Electric.  UAC  power  supplies  high  transistor  reliobility  to  95%  in 
10.000  hrs.  use  Low  maintenance  .  .  .  minimum  size  and  weight  ,  .  .  long  life 
.  .  end  efficiency  os  high  os  98®o  -  .  .  are  poying  important  dividends. 
Whotever  your  power  engineering  problem.  Universal  hos  the  unit  to  outlast 
and  outpower  conventional  supplies  by  far. 


XJAC  Eleotronicss 

A  DIVISION  OF 


l^eLZXsistoz*  Px*odlu.ots  Coz>p. 


Cambridge  Thermionic  Corp., 
445  Concord  Ave.,  Cambridge  58, 
Mass.,  has  deseloped  a  new  in¬ 
sulated  diode  clip.  It  is  fastened  to 
a  teflon  insulator  for  a  press  fit 
mounting  and  is  designed  to 
securelv  support  ferrule  contact 
diodes  under  conditions  of  shock 
and  vibration. 

'ITie  clip  (No.  2325),  for  mount¬ 
ing  in  hole  diameter  of  0.2055  in., 
can  be  used  in  chassis  and  panels 
up  to  i  in.  thick.  'Fhe  construction 
pro\'ides  solder  points  abo\e  and 
below  panel.  Circle  459  on  Reader 
Service  Card. 
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Power  Supply 

for  transistor  circuitry 

Dressen-Barnes  Corp.,  250  North 
Vinedo  Ave.,  Pasadena.  Calif. 
Model  6-5MB  is  a  closely  regulated 
d-c  power  supply  for  powering 
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transistor  circuits.  Output  is  0  to 
60  V  d-c,  continuously  variable,  at 
3  amperes  maximum.  No  derating 
of  output  current,  or  of  regulation 
and  ripple  specifications,  is  neces¬ 
sary  from  1  to  60  V  d-c. 

Regulation  for  60  v/3  ampere 
load  is  20  mv  change,  no  load  to 
full  load.  For  line  voltage  change 
of  105  to  125  V  a-c  (at  60  v/3  am¬ 
peres  output),  regulation  is  20  mv 
change  in  output  voltage.  Ripple 
and  internal  noise  are  below  1.5 
mv  rms.  Unit  is  designed  for  very 
low  output  imp>edance  and  fast 
reco\'cry  time.  One-p>ercent  meters 
are  supplied. 

The  instrument  is  built  to  fit  in 
a  standard  19  in.  relay  rack.  Circle 
460  on  Reader  Service  Card. 


REPLACES  BUU^Y.  INEFFICIENT  OYNAMOTI 


Comparator 
checks  gage  block  size 

The  Sheffield  Corp.,  Dayton  1, 
Ohio.  One-millionth  of  an  inch 
accuracy  is  obtained  with  a  new 
electronic  gage  block  comparator. 
The  extreme  accuracy  of  the  new 
Dualjet  comparator  is  based  on  the 
use  of  an  opposed  pair  of  transduc¬ 
er-type  pick-up  units. 

Measurement  is  amplified  either 
100,000  or  10,000  times  by  an 
Accutron  electronic  amplifier.  High 
magnification  has  a  0.000004-in. 
range  and  scale  divisions  of 
0.000001  of  an  inch.  A  range 
switch  piermits  instant  change  to 
low  magnifications  (10,000  to  1 
with  a  0.0004-in.  range)  without 
recalibration.  The  Accutron  ampli¬ 
fier  operates  on  110-v,  50/60  cycle 
a-c.  Compensation  is  provided  for 
line  voltage  changes  ranging  from 
95  to  125  v. 

A  precision  ground,  40-pitch 
leadscrew  on  a  steel  column,  rigidly 
mounted  on  the  sturdy  cast  base, 
provides  vertical  coarse  adjustment 


Designers  of  much  of  today's  important  new  electronic  equipment  for  mobile, 
aircraft  and  marine  applications  specify  Universal  Transistorized  DC  Trans¬ 
formers  because  they  are  efficient,  compact,  rugged  improvements  on  dyna- 
motors.  They  reduce  operating  and  maintenance  costs  because  there  are  no 
moving  parts,  no  wear,  no  tear,  and  no  brush  interference. 


•  FULLY  TRANSISTORIZED 
e  RECTIFIED 

•  FILTERED 

•  Protect  against  short  circuits, 
input  polarity  reversal,  line 
and  load  surges  available. 


I.R.E.  SHOW  BOOTH  3937 
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For  Fast,  Accurate  Matching 
of  Resistors, 
Capacitors,  Inductors 


of  the  top  gaging  head.  Fine  adjust¬ 
ment  is  made  with  a  cam  and  lever 
mechanism  in  the  base  with  knobs 
that  are  completely  isolated  from 
gage  head  or  anvil.  The  gage  has 
interchangeable  diamond  points 
and  a  gage  point  lifting  device  to 
avoid  scratching  surfaces  of  work. 
Caging  pressure  is  8  oz;  ^•ertical  ca¬ 
pacity,  4  in.  A  ratchet-trpe  device 
raises  or  lowers  the  gage  head  in  in¬ 
crements  of  0.0005  in.  Circle  461 
on  Reader  Service  Card. 


Power  Supply 
for  mobile  systems 

Aerophysics  Development 
CoRP.,  P.  O.  Box  689,  Santa 
Barbara,  Calif.  A  transistor  power 
supply  designed  for  use  on  vehicles 
subject  to  high  shock  and  \ibra- 
tion  environments  has  been  de- 
\eloped. 

Designated  TPS- 5,  the  transistor 
operates  in  ambient  temperatures 
from  —40  F  to  4-70  C,  and  con¬ 
verts  28  V  d-c  at  3  amperes  to  225 
r-  d-c  at  300  ma  for  operating 
mobile  electronic  systems  or  de¬ 
vices.  Package  dimensions  are  2i 
in.  by  3i  in.  by  4i  in.  including 
mounting  flanges.  The  unit  weighs 
1.5  lb.  Circle  462  on  Reader  Serv¬ 
ice  Card. 


1  Ohm  to  5  megohms,  500  mmfd  to  2,000  mfd, 
3  millihenrys  to  10,000  henrys. 

•  Five  meter  ranges:  1%,  2.5%,  5%  10% 
and  25%  difference  readings  at  full  scale. 

•  Accurate  within  0.1%  on  1%  scale. 

•  Component  differences  of  1  part  in  10,000 
can  be  detected. 

•  Can  be  used  with  decade  box  for  precise 
component  measurements. 


Hook-up  Wire 

permanently  color  coded 

Ceneral  Cable  Corp.,  420  Lex¬ 
ington  Ave.,  New  York  17,  N.  Y. 
Spiracode  is  a  new  hook-up  wire 
made  b\  a  modern,  adsanced  teeh- 
nique  of  plastic  extrusion  which 
effects  a  permanent  easy  method 
of  color  coding  hook-up  wire  that 
is  actually  colored  plastic  insulation 
solid  to  the  conductor.  Tliis 
method  of  spiral  plastic  extrusion 
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permits  a  solid  multi-colored  plastic 
insulation  spirally  applied  in  barber- 
pole  fashion  of  any  combination  of 
colors  up  to  three  on  solid  or 
stranded  conductor. 

The  spiral  strijjes  of  solid  colors 
on  Spiracode  are  nonmigrating, 
nonfading,  sharp,  crisp,  permanent 
brilliant  colors  that  are  readily 
identifiable  and  easilv  traced  even 
in  the  most  complicated  wiring 
systems  and  harnesses.  Both  \invl 
plastics  and  polyethylene  insula¬ 
tions  are  a\ailable  on  this  new 
Iiook-up  wire.  Circle  463  on 
Reader  Sers  ice  Card. 


ENGRAVED  IS  ACID-PROOF 

Acid  etching  inks,  used  for  permanent 
stamping  on  metal  and  all  non-porous 
surfaces  will  eat  away  at  ordinary  rubber. 

Deep-Kut  resists  this  action — gives 
longer  life  by  far! 

ENGRAVED  D»»p  Kut  STAMPING 
GIVES  RAZOR-SHARP  \ 

IMPRESSIONS  EVERY  TIME 

Opaque  inks  will  clog  shallow 
rubber  stamp  faces  rapidly.  Our  \  > 

deep-molded  engraved  Deep-Kut  \  j 
stamp  faces  have  more  than  three 
times  the  depth  of  ordinary  rubber  stamps. 

Markings  always  remain  super  sharp 
...  an  important  advantage  since  this 
mark  is  a  permanent  record  of  your 
inspector’s  approval. 

ENGRAVED  D^p  Kut  HAS  CUSHION- 
LIKE  RESILIENCE 

Our  Deep-Kut  molding  process  includes 
a  timed  curing  that  imparts  to  Deep-Kut 
all  the  elasticity  of  ordinary 
rubber.  Resilient  Deep-Kut  resists 
abrasive  action,  conforms  to  irregular 
surfaces . . .  and  lasts  much  longer! 

Engraved  Deep-Kut  stamp  faces  are 
adaptable  to  any  marking  device. 

They  can  be  used  to  stamp  on 
every  surface,  metal,  wood,  the  krengei 
fabric,  paper,  plastic,  etc.  inspection  pocket  stamp 


Breadboard 

for  subminiature  circuitry 

Stanley  Aviation  Corp.,  2501 
Dallas  St.,  Denver  8,  Colorado. 
I’he  Mini-Lab  illustrated  provides 
a  novel  technique  in  electronic 
breadboarding  for  the  rapid  de- 
\elopment.  assembly,  study  and 
testing  of  circuits  and  components. 
It  offers  inanv  new  features  not 
previously  a\ailable  to  engineers: 
built-in  multimeter;  regulated  pow¬ 
er  supplies;  expendable  plugs  for 
comjxment  leads;  short,  direct  con¬ 
nections;  eight  potentiometers; 
built-in  resistance  and  capacitance 
selector  boxes;  con\enience,  port¬ 
ability,  reliability. 

Designed  specifically  for  sub¬ 
miniature,  miniature  and  semi¬ 
conductor  circuitry,  Mini-Lab  con¬ 
tains  a  grid  of  tiny  jacks  arranged 
in  the  form  of  tie  points,  voltage 
busses,  ground  busses,  coupling 
junctions,  and  input  and  output 
terminals. 

Miniature  and  subminiature 
tubes,  transistors  and  other  semi¬ 
conductors  may  be  quickly  plugged 
into  the  board.  Components  such  as 
resistors,  capacitors,  transformers, 
chokes  and  the  like  are  plugged  in 


VISIT  OUR  BOOTH  No.  4011 
AT  THI  I.  R.  I.  SHOW 
March  24-27  Now  York  Colhmum 


Some  of  the  many 
industries  now  using 
ENGRAVED  Deep-Kut  STAMPS 

AVIATION 

ElECTRICAl 

ELECTRONICS 

PLASTICS 

TEXTILES 

PACKAGING 


I  KRENGEI  manufacturing  CO.,  INC  Tel.  CO  7-5714 

•  227  Fulton  Si..  New  York  7.  N.  Y. 

I  NAME . 

I  Please  check  the  following-. 

"  FREE  ENGRAVED  Oeep  ICut  | — I 
I  Sample  t  Price  List  < — > 

*  Please  hove  salesman  call  |  | 

■  for  oppointmen'  I _ I 


COMPANY 


STREET, 


ZONE 
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CONSTANT 

COOLING 

EFFICIENCY 


Shielding  Capsules 
for  miniaturized  uses 

Magnetic  Shield  Division  Per¬ 
fection  Mica  Co.,  1322  No.  Ells- 
ton  Ave.,  Chicago  22^  Ill.,  has  de¬ 
veloped  a  new  line  of  subminiature 
Co-Netic  magnetic  shielding  cap¬ 
sules  designed  for  subminiature  re¬ 
actors  and  transformers  used  in 
transistorized  and  printed  circuits 
and  other  miniaturized  applica¬ 
tions.  Virtually  eliminated  are  hum 
and  noise  caused  bv  low  le\el  ex¬ 
traneous  electromagnetic  and  elec¬ 
trostatic  fields.  Much  closer  group¬ 
ing  of  components  is  now  possible 
due  to  shielding  effectiveness. 
When  required,  shields  can  be  pre- 
tinned  for  soldering  without  affect¬ 
ing  magnetic  shielding  qualities. 
Shielding  capsules  may  be  produced 
in  a  wide  variety  of  shapes  and  di¬ 
mensions  using  standard  methods 
or  special  hydroform  techniques. 
Circle  465  on  Reader  Service  Card. 


AAounling:  2'A‘ 
oaoss  flats 


Uew,  improved,  high-speed,  high- 
■Kp  motor  design  changes  speed  with 
lower  densities  (higher  altitudes)  to 
maintain  constant  cooling  efficiency. 
These  high-slip  motors  are  rated  at  a 
minimum  of  1,000  hrs.  @  125*  C.; 
longer  life  expectancy  at  lower  ambi¬ 
ents.  Choice  of  400  cps  or  Variable  at 
1  0,  or  400  cps  at  3  0.  Prototypes 
delivered  in  2-6  weeks;  Production 
deliveries  6-8  weeks.  Circle  card  for 
data  sheets  and  performance  curves. 
145  CFM  at  0"SP 
at  Sea  Level 
440  CFM  at  0"SP 
at  70,000  ft. 


See  us  at 
Booth  2315 
IRE  Show 


Readouts 

digital  and  message 

Milman  Engineering  Co.,  1831 
Pontius  A\e.,  Los  Angeles  25.  Calif. 
A  line  of  newly  deseloped  digital 
and  message  readouts  offers  many 
possibilities  for  more  effective 
presentation  of  data  and  informa- 
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tion  in  bench,  panel,  and  console 
applications. 

The  digital  readouts  present 
lighted  digits  zero  through  nine  and 
decimal  point,  or  other  information 
such  as  polarity  signs  or  sjjecial 
symbols.  Modular  design  allows 
side  by  side  mounting  of  the  units 
for  in-line  presentation  of  infor¬ 
mation. 

Message  readouts  will  display, 
separately  in  one  panel  area,  up  to 
three  different  color-coded  printed 
messages,  greatly  increasing  the 
accuracy'  of  visual  obser\ations. 
Message  and  color  combinations  are 
made  to  suit  individual  require¬ 
ments.  Superpositioning  of  mes¬ 
sages  in  the  readout  reduces  the 
amount  of  panel  area  required  to 
present  a  gixen  amount  of  infor¬ 
mation  and  eliminates  panel  art 
work  and  engraving. 

The  units  are  designed  for 
operation  on  6.  14,  or  28  v.  Circle 
466  on  Reader  Ser>ice  Card. 


ACTUAL  SIZE 


Now  available  as  a  wirewound  or  film 
type  trimmer  that  is  moisture  proof, 
subminiature  in  size  and  withstands  a 
temperature  of  225°C.,  in  a  higher  resist¬ 
ance  range. 

FEATURESt 

Type  RTW  (wnrewound)  Resistance  Range 
100  ohms  to  100,000  ohms 

Type  RTF  (film)  Resistance  Range  100  ohms 
to  25,000  ohms,  providing  infinite  resolution 

25  turn  lead-screw  adjustment 

Unique  stop-overide  safety  mechanism 

Housing  of  High  Temperature  Molded  Plastic 

Variety  of  mountings:  Printed  Circuit  Lugs 
Printed  Circuit  Wires 
Tinned  Leads 

Virtually  hermetic  sealed  meets  Mil  std.  202 
Procedure  106  Humidity  Test  with  rated 
power  applied 

Precious  metal  take  off  and  end  tabs 

Dual  stainless  steel  contacts  on  winding  and 
slip  ring  for  extra  reliability 

Power  rating  of  .83  watts  at  80°  C.,  .1  watt 
at  200°  C. 

Engineered,  quality  controlled  manufac¬ 
ture  and  environmental  tested  to  meet  the 
exacting  demands  of  missile  and  other 
military  applications,  make  these  new  low 
cost  trimmers  a  long-sought  contribution 
to  design  and  production  problems. 


Digital  Computer 
for  military  aircraft 

The  Ramo-W’ooldridge  Corp., 
5500  W.  El  Segundo  Blvd.,  Los 
Angeles,  45,  Calif.  The  RW-50 
digital  airborne  computer  is  de¬ 
signed  to  provide  a  lightweight, 
compact  computing-control  center 
ior  high-performance  military'  air¬ 
craft.  A  completely  transistorized 
device,  it  employs  specially  de¬ 
signed  digital  computing  techni¬ 
ques  and  will  perform  all  computa¬ 
tions  for  navigation,  fire  control, 
bombing  and  weapon  control  with 
the  speed  demanded  by  modern 
weapons  systems. 

The  complete  computer  has  a 
volume  of  4.19  cu  ft  and  weighs 
only  203  lb.  It  consists  of  four 
separately  packaged  units— mag¬ 
netic  drum  storage  unit,  arithmetic 


Write  wire  or  call  for  full  details  and  technical  data. 

TECHNOLOGY  INSTRUMENT  CORP. 

569  Main  St.,  Acton,  Mass.COIonial  3-7711 
North  Hollywood,  California 
POplar  5-8620  STanlay  7-0286 


See  us  at  Booths  2318-2320  IRE  Show 
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ELIN  POWER 
OSCILLATORS . . . 

to  System-mate”  Your  Equipment 
Requirements! 


CABINET  MODEL 
DK-102  (2  watts) 
DK-106  (6  watts) 


RACK  MODEL 
DK-102R  (2  watts) 
DK-106R  (6  watts) 


In  applications  concerning  strain  gauges, 
bridge-type  transducers,  time  correlation, 
precision  400  cycle  gyro  testing,  process 
control  and  preflight  missile  checkout, 
ELIN  Precision  Power  Oscillators  prove 
compatible  and,  in  combination  with  other 
equipments,  readily  yield  superior  systems ! 

The  desirable  features  of  ultra-precise 
•  frequency  and  amplitude  stability, 

low  distortion  and  high  output  power 
capacities,  make  ELIN  Precision  Power 
Oscillators  the  ideal  “System-mate”  in 
these  applications',  and  are  derived  from  an 
exclusive  High-Q  LC  tuned  circuit  and  a 
special  voltage-sensitive  bridge 
combined  in  a  circuit  employing  a 
large  amount  of  negative  feedback. 


and  control  unit,  input-output  unit, 
and  clock  generator  and  power  sup¬ 
ply  unit.  Subminiature  packaging 
techniques  and  silicon  semicon¬ 
ductor  circuitry  are  used  through¬ 
out. 

The  RW-30  can  conduct  4,000 
complete  arithmetic  operations  per 
see,  including  access  time  and  re¬ 
quires  only  400  w  of  power,  permit¬ 
ting  a  significant  saving  in  aircraft 
auxiliary  power  equipment.  Circle 
467  on  Reader  Service  Card. 


Tiny  Thermostat 

for  — 65  C  to  +150  C 

Chatham  Controls  Corp.,  33 
River  Road,  Chatham,  N.  |.  The 
new  model  WP  thermostat  features 
a  in.  diameter  and  0.690  in. 
body  length.  It  incorporates  the 
same  tvpe  of  bimetal  actuated 
contact,  extreme  simplicity,  reliable 
performance,  accurate  temperature 
control,  fast  thermal  sensing  and 
long  contact  life  as  the  manu¬ 
facturer’s  other  models.  The  de\ice 
is  rated  at  i  ampere  for  6-28  v  a-c 
or  d-c  and  1 1 5  v  a-c  circuits.  It  has 
an  externally  adjustable  tempera¬ 
ture  range  from  —65  C  to  -f  1 50  C. 
Circle  468  on  Reader  Service  Card. 


FREQUENCY  (FIXED) -250  cps.  to  15,000  cps.  VOLTAGE  (OUTPUT)- 10,  30  &  100  volts  RMS, 
all  with  floating  center-tapped  output.  DISTORTION  — 0.1%  maximum  harmonic  content, 
0.05%  maximum  AC  hum,  0.01%  maximum  noise.  CALIBRATION  ACCURACY— ±0.02% 
under  usual  lab  ambient  conditions*,  checked  against  station  WWV  as  a  primary  standard. 
FREQUENCY  STABILITY— ±0.5%  maximum,  under  usual  lab  ambient  conditions*,  ±0.02% 
maximum  per  ±10  volts  variation  in  line  voltage,  ±0.05%  maximum,  zero  to  full  load. 
AMPLITUDE  STABILITY— ±0.1%  maximum  under  usual  lab  ambient  conditions*,  ±0.02% 
maximum,  per  ±10  volts  variation  in  line  voltage,  ±0.2%  maximum,  zero  to  full  load. 

Special  models  operating  from  other  prime 
power  sources,  with  higher  power  capacities  .Lab  ambient,  io“c  to  40"C. 

and  at  other  frequencies  supplied  to  your  ^  ^ 

specs  in  cabinet  or  rack  styles.  Write  today !  «9-  •  •  <>'• 


in 


Precision  Power  Oscillators 


ELECTRONICS  INTERNATIONAL  CO. 

145  West  Magnolia  Boulevard,  Burbank,  California 

Special  Products  Division  of  International  Electronic  Research  Corporation,  Burbank,  California 


Surge  Limiter 
has  varied  uses 

Atlantic  Electronics  Labora¬ 
tories,  P.  O.  Box  918,  .Asbiiry 
Park,  N.  J.  The  Surge- Volt  Mastei 
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is  designed  to  limit  to  reasonable 
values  the  surge  current  when 
equipment  such  as  radios,  tv  re- 
cci\ers,  amplifiers,  low-power  trans¬ 
mitters,  expensive  test  equipment 
and  the  like  are  turned  on.  After  a 
suitable  pre-heating  period,  full  line 
voltage  is  applied  to  the  load  in 
question.  Then  a  built-in  voltage 
regulator  maintains  the  line  volt¬ 
age  approximately  at  110  v,  thus 
prolonging  the  life  of  such  com¬ 
ponents  as  tubes,  resistors,  capaci¬ 
tors  and  the  like.  Presently  avail¬ 
able  are  Surge-Volt  Masters  in  the 
50-,  100-,  150-,  200-,  250-,  300- 
and  375-w  ranges. 

The  Surge-Volt  Master  should 
prove  useful  in  technical  schools 
and  universities,  industrial  produc¬ 
tion  lines  and  laboratories.  Circle 
469  on  Reader  Service  Card. 


You  can  order  in  any  quantity  and 
be  sure  of  true  Teflon  performance, 
because  “John  Crane”  gives  you 
these  plus  factors:  complete  uni¬ 
formity  throughout,  high  density 
control,  freedom  from  flaws  and  rig¬ 
id  adherence  to  yoiur  specifications. 
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FOR  MINIATURE  AND 
SUB-MINIATURE  COMPONENTS? 


YOU  CAN  GET  JUST 
WHAT  YOU  WANT 
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FORS  insulators  of  all  types,  sleeves 
or  inserts,  capacitor  seals,  feed 
through  insulators,  bushings,  slot 
liners,  coaxial  spacers,  layer  insu¬ 
lation  or  any  other  parts  or  forms 
subject  to  high  charge,  extended 
frequency  range,  mechanical  and 
thermal  shock,  extreme  tempera¬ 
tures  and  climatic  conditions.  t 


UHF  Blade  Antenna 
for  225-400  me  band 

Dorne  &  Margolin,  Inc.,  30 
Sylvester  St.,  Westbury,  L.  I.,  N.  Y. 
Type  DM-C7  antenna  is  designed 
to  operate  in  the  225-400  me  band 
for  use  with  communication  and 
data  link  equipment.  This  antenna 
is  a  high  strength  swept-back  alum¬ 
inum  blade,  with  a  height  of  7i 
in.  from  the  aircraft  skin,  designed 
for  use  at  speeds  well  into  the 
supersonic  region.  Maximum 
thickness  of  the  antenna  is  sub¬ 
stantially  less  than  10  percent  of 
the  average  chord  length. 

ITie  antenna  is  designed  to  meet 
the  environmental  requirements  of 
MIL-T-5422C  and  paragraph  412 
of  MIL-E-5272A.  It  can  withstand 
more  than  8  lb  per  sq  in.  lateral 


PARTS  OR  MATERIALS 
FOR  UHF  APPLICATION? 


“John  Crane’s”  complete  fabrica¬ 
tion  facilities  assure  you  prompt 
delivery  on  exactly  what  you  want. 
If  you  have  an  entirely  new  require¬ 
ment,  no  standard  design  or  proce¬ 
dure— “John  Crane’s”  laboratory 
facilities,  know  how,  research  and 
engineering  experience  go  to  work 
on  your  particular  need. 


TEFLON 


DuPont 

trademark 


Now  is  a  good  time  to  put  “John 
Crane”  to  test.  Contact  Crane 
Packing  Company  today. 


CRANE  PACKING  COMPANY. 

omcif  IN  AU  PRINCIPAL  OTIlt 


OlaUctric  Strength:  480  v/mil. 

Dielectric  Cohstant  (60  to  10*  cycles):  2.0 
Power  Factor  (60  to  10*  cycles):  <0.0005 
Volume  Resistivity:  10**  ohm-cm 
Surface  Resistivity:  3.6x10*  megohms 
Surface  Arc-Resistance:  does  not  track 
Temperature  Range:  —450°  to  -(-500°F. 
Chemical  Resistance:  completely  inert 
AAoisture  Absorption:  lero 


Crane  Packing  Co., 
6402  Oakton  St., 
Morton  Grove,  Ill. 
(Chicago  Suburb). 

In  Canada:  Crane 
Packing  Co.,  Ltd., 
Hamilton,  Ontario. 
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static  load.  Weight  is  approx¬ 
imately  20  oz  and  vswr  is  less  than 
2. 5:1.0  over  the  225-400  me  band. 
Circle  470  on  Reader  Service  Card. 


FLIGHTCOM 


MODEL  400-12/24  ffilUEg 

VHF-FM  for  AIRCRAFT  ^ 

Provides  communications  between 
ground  FM  systems  and  executive, 
patroling  and  utility  aircraft.  Used 
by  fishing  fleets,  petroleum  pro- 
ducers,  pipe  line  helicopters, 

State  police.  Conservation 

departments,  crop  dust- 

ers,  power 

and  departments, 

of  the  U.  S.  jjF 

government. 


Insulated  Terminals 
split  type 

Cambridge  Thermionic  Corp., 
445  Concord  Ave.,  Cambridge  38, 
Mass.  Split  solder  terminals  can  be 
ordered  in  a  wide  variety  of  sizes 
and  mounting  studs,  either  in 
silicone  impregnated  ceramic,  grade 
15  (per  JAN-1-10)  or  with  Teflon 
insulation.  Terminals  are  silver 
plated  brass. 

Three  specific  mounting  studs 
are  available:  threaded  (a  variety  of 
threads  and  lengths),  rivet  (several 
different  lengths),  and  internally 
threaded.  Circle  471  on  Reader 
Service  Card. 


All  FLIGHTCOM  modelt  or*  on 
"Utl  of  oquipmont  occoptablo 
for  licenting"  ond  or*  certified 
with  the  Federal  Cvil  Defense 
Administration. 


FEATURES: 


•  COMPACT  .  .  .  Cose  size  14" 
xll%"x6%" 

•  LIGHT  ...  22  lbs.  (without 
antenna  and  speaker) 

•  POWERFUL  ...  25  watts  output 

•  UNIVERSAL  .  .  .  instantly 
changed  from  12  volt  to  24 
volt  operation 

•  EFFICIENT  ...  low  battery 
drain:  on  12  volt— total  stand¬ 
by.  4.5  amps,  transmitting  10 
amps,  on  24  volt— total  stand¬ 
by  2.5  amps,  tranfmitting  5 
amps. 

•  LOUD  ...  1  watt  minimum 
with  less  than  8%  distortion. 

•  PERFORMANCE  .  .  .  identical 
with  ground  systems. 

•  QUALITY  .  .  .  exceptional 
value/price  ratio. 

ATTENTION  DEALERS! 

Writ€  for  omUMe  trrritoriet. 


^  VACUUM  OVEN 

The  new  KINNEY  VO-3  Oven  is  an  impor¬ 
tant  development  for  drying  and  aging  of 
transistors,  diodes  and  other  semi¬ 
conductors.  It  features  three  separate 
chambers  so  manifolded  that  each  cham¬ 
ber  may  be  independently  evacuated. 
Pyrex  glass  windows  enable  operator  to 
observe  work  at  all  times.  Forced  draft 
heating  provides  temperatures  to  400°  F 
and  the  equipment  may  be  used  with 
inert  gas  atmosphere  or  high  vacuum. 


Ncane. 


variations,  mechanical  shock  and 
vibration. 

A  self-contained  filament  trans¬ 
former,  a  radio  noise  filter  and  by¬ 
pass  capacitors  are  provided  so 
that  the  magnetron  can  be  propr- 
erly  driven  from  a  pulse  forming 
network  and  a  115  v,  400  cps 
power  source.  Models  are  available 
for  use  with  a  50-ohm  pulse  form¬ 
ing  network  and  a  2J51A,  4J52  or 
6545  magnetron.  Circle  472  on 
Reader  Service  Card. 


Oscilloscopes 

two  general  purpose  types 


PRESENTS*** 


Hewlett-Packard  Co.,  275  Page 
Mill  Road,  Palo  Alto,  Calif.  The 
nOBR  d-c  to  300  kc  high  sensi¬ 
tivity  oscilloscope,  and  tht  150  AR 
d-c  to  10  me  h-f  oscilloscope,  de¬ 
signed  especially  for  mounting  in 
a  standard  19  in.  equipment  rack, 
have  been  announced.  Model  130 
BR  (illustrated)  has  electrically 
similar  vertical  and  horizontal 
amplifiers  which  have  less  than  1 
deg  relative  phase  shift  at  50  kc 
an  a  1  mv/cm  sensitivity.  Bal¬ 
anced  signals  may  be  used  on  the 
most  sensitive  ranges,  hence  manv 
transducers  may  be  connected  di¬ 
rectly  to  its  terminals.  Mounting 
is  by  front  panel  or  by  accessory 
brackets  which  permit  easy  with¬ 
drawal  of  the  oscilloscope  from  the 
rack. 

Model  150  AR  d-c  to  10  me 
oscilloscope  is  mounted  on  slides 
for  accessibility  and  features  cali¬ 
brated  sweep  magnifications  of 
X3,  XIO,  X50,  and  XIOO.  Any 
portion  of  the  magnified  trace  may 
be  viewed.  The  150  AR  is  used 
with  plug-in  vertical  amplifiers;  the 
151 A  which  has  5  mv/cm  sensitiv¬ 
ity,  and  the  152 A  dual  trace  ampli¬ 
fier,  which  has  a  50  mv/cm  sensi¬ 
tivity  and  presents  two  electrical 


^  "  ^ERMOCOUPLE  GAUGE 

A  completely  new  approach  which  elimi¬ 
nates  the  need  for  recalibration  or 
matching  tubes  when  replacement  is 
required,  yet  provides  instantaneous 
response  (ViS.or  less)  and  exceptional 
accuracy  (-f  or  -  10%).  The  KINNEY 
Compensated  Thermocouple  Gauge  gives 
you  complete  interchangeability  of  gauge 
tubes  among  a  number  of  tubes  in  one 
circuit,  as  well  as  from  circuit  to  circuit. 
Here's  new  simplicity  of  control  and 
many  other  advantages. 


NEW 


MECHANICAL  PUMPS 

Featuring  ultimate  pressures  to  10  mi¬ 
crons  or  lower,  the  new  KDH-65  and 
KDH-80  KINNEY  Mechanical  High  Vacuum 
Pumps  provide  free  air  displacements  of 
65  cfm  and  80  cfm  respectively.  These 
new  pumps  cover  an  important  range  in 
the  KINNEY  Line,  which  embraces  single- 
stage  and  two-stage  mechanical  pumps, 
two  and  four-stage  mechanical  booster 
pumps  with  displacements  to  5000  cfm. 


new 


PUMPING  SYSTEM 

The  PW400  Packaged  Pumping  System 
features  new  performance  and  versatility. 
The  vacuum  pumping  system  consists  of 
a  KINNEY  cold  trap,  high-speed  fraction¬ 
ating  diffusion  and  two-stage  gas  bal¬ 
lasted  mechanical  vacuum  pump.  A 
unique  manifold-valve  arrangement, 
whereby  the  intake  fitting  can  be  ro¬ 
tated  through  90°  from  horizontal  to  ver¬ 
tical,  permits  easy  conversion  to  a  high 
vacuum  evaporator. 


VISIT  BOOTH  4508-4510  AT  THE  I.  R.  E.  SHOW 

(KINNEY  MFC.  DIVISION 

\  !  THE  NEW  YORK  AIR  BRAKE  COMPANY  /Tx 


3S4SC  WASHINGTON  STREET  .  BOSTON  30  •  MASS. 

Please  send  me  your  Bulletin  on  the  use  of  Vacuum  in  Crystal 
Growing  and  Semi-Conductor  production. 


Get  this  New  Bulletin  on  I 
the  use  of  Vacuum  in  Cry s-  I  Addr 
tal  Growing  and  Produc-  | 
tion  of  Semiconductors.  I  City. 
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phenomena  for  simultaneous  view¬ 
ing.  Both  amplifiers  pass  d-c  to 
10  me,  and  sensitivity  is  accurate 
within  ±  5  percent. 

Both  oscilloscopes  have  a  uni- 
\ersal  svnehronizing  circuit;  a 
single  preset  switch  position  estab¬ 
lishes  optimum  triggering  for 
nearlv  all  conditions.  Model  130 
BR  is  S650;  150  AR.  $1,200;  151  A, 
$200;  and  152A,  $250.  Circle  473 
on  Reader  Service  Card. 


CRYSTAL  FILTERS 


NOW  YOU  CAN  REPLACE  ALL  OF  THESE  COMPONENTS 


Shown  approx.  Va  size 


Plug-In  Enclosures 
transparent  plastic 

Line  Ei.ectric  Co.,  271  South 
6th  St.,  Xewark  3,  N.  J.,  offers  its 
new  PE  series  of  transparent  plug¬ 
in  enclosures  in  clear  and  colored 
plastic.  Thev  protect  electronic  as¬ 
semblies  from  the  dangers  of  dust, 
dirt,  sand  and  human  tampering. 
I  "hey  feature  standard  RE'I'M.^  8 
and  1 1  pin  bases,  high  impact 
characteristics,  excellent  electrical 
properties;  and  are  rated  for  85  C 
ambient.  Base  pins  can  carrv  10 
amperes  continuouslv.  Enclosures 
are  available  in  clear,  green,  blue, 
red,  purple  or  amber  plastic.  Size 
is  1 1  by  1 1  by  2k  high.  Weight  is 
approximately  H  oz.  Circle  474 
on  Reader  Service  Card. 


WITH  A  SINGLE  HYCON  EASHRN  CRYSTAL  FILTER 


IRE  SHOW 
Booth  Nos. 
3038  &  3039 


Shown  approx.  size 


AND  REDUCE  WEIGHT,  SAVE  SPACE, 
IMPROVE  PERFORMANCE  AND  RELIABILITY 


It  will  pay  you  to  investigate  how  this  unique  component  can 
improve  performance  and  reduce  costs  of  your  communications 
equipment.  Hycon  Crystal  Filters  make  possible  single  conver¬ 
sions  in  AM  and  FM  receivers  while  retaining  the  important 
advantages  of  double  and  triple  conversions.  These  units  permit 
excellent  reception  in  the  presence  of  strong  jamming  or  in¬ 
terfering  sign^s.  Center  frequencies  are  accurate  to  .001%. 
Insertion  loss  is  1/10  of  other  filtering  methods.  Aircraft  and 
guided  missile  environmental  requirements  are  exceeded.  Write 
for  Crystal  Filter  Bulletin. 


Single  Coil  Relay 
latching  type 

Potter  &  Brumfield,  Inc.,  Prince¬ 
ton,  Ind.,  has  announced  a  new 
single  coil  latching  lelav  that  se¬ 
lects  alternate  circuits  or  alternate 


75  Cambridge  Parkway  Dapt.  A,  Cambridge  42,  Mats. 
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circuit  modes  on  successive  im¬ 
pulses.  Designated  the  PC,  the  re¬ 
lay  employs  an  armature  driven 
rocker  type  actuator  to  transfer  one, 
two,  three  or  four  dpdt  snap 
switches. 

Gold  flashed  silver  cadmium  ox¬ 
ide  contacts  are  rated  at  10  amperes, 
115  V  a-c  resisti\e.  The  relay  can 
be  operated  from  a-c  or  d-c  sources 
and  pro^’ides  positive  transfer  on  a 
single  30-millisec  impulse.  The 
spring  action  of  the  contact  arms 
effectixely  latches  the  relay  in  the 
transferred  jxisition  when  coil 
power  is  remoxed. 

The  PC  was  designed  primarily 
for  on-off  and  reversing  features.  It 
is  used  for  remote  tv  controls, 
garage  door  opieners,  floxv  control 
motors  and  other  applications  re¬ 
quiring  a  low  cost  means  for  a  trans¬ 
ferring  betxveen  alternate  circuits 
at  undefined  periods.  Circle  475  on 
Reader  Service  Card. 


Powerful  Solenoid 
for  a-c  or  d-c  operation 

Guardian  Electric  Mfg.  Co., 
1621  West  Walnut  St.,  Chicago 
12,  111.  A  nexv  more  poxverful 
x  ersion  of  the  standard  No.  4  sole¬ 
noid  is  now  being  offered  for  a-c 
or  d-c  operation  in  both  intermit¬ 
tent  and  continuous  duty  typ>es. 
The  nexv  unit,  equipped  with  \  in. 
diameter  tapered  plug  and  plunger, 
is  said  to  lift  up  to  9  lb.  Plunger 
stroke  is  adjustable  from  in.  up 
to  5  in.  Txvo  ^  in.  steel  washers 
are  xvelded  to  the  front  of  the  field 
piece  to  increase  poxver  efficiency 
of  the  solenoid,  lire  plunger  has 
slotted  end  with  J  in.  diameter 
holes  for  coupling. 

This  particular  solenoid  measures 
li%  in.  xx’ide  by  If  in.  high  by  2 A 
in.  long,  exclusixe  of  plunger.  The 


Linde 


■  (I 


Symbol  of  Highest  Purity 


cloud  and  bubble  chambers 
»,,in  radiation  detecting  equipment 
,,,in  gas  discharge  devices  and  glow  tubes 
,,.as  protective  atmospheres  for 

crystal  growing 

Rare  gases  produced  by  Linde  are  continuously  analyzed  by  mass 
spectrometer,  gas  ebromatograpby,  and  chemical  and  physical 
methods.  These  analytical  checks  assure  you  of  the  purest  rare 
gases  obtainable. 

Linde  argon,  neon,  helium,  xenon  and  krypton  are  available 
in  one-  and  two-liter  glass  bulbs,  or  in  steel  cylinders  under  pres¬ 
sure.  Mixtures  of  gases  are  also  available  to  your  specifications. 
Prompt  delivery  is  assured. 

For  detailed  data  on  the  physical  and  electrical  properties  of 
Linde  Rare  Gases,  xvrite  Dept.  BD-32,  Linde  Company,  Division 
of  Union  Carbide  Corporation,  30  East  42nd  Street,  New  York  17, 
N.  Y.  Offices  in  other  principal  cities.  In  Canada:  Linde  Company, 
Division  of  Union  Carbide  Canada  Limited. 


m 


UNION 
CARBIDE 


Even  over  the  hill  and  far  far  away, 
Beckman  Expanded  Scale  Voltmeters  read 

r'tf  1  t  I  ^  ^ 

hr*  ‘in*  ♦*.«  ;  i  J-.  4 -t  /•  •■*  “f  ^ 

v-*i  Vi  i  \i  V>^V 


BECKMAN  EXPANDED  SCALE  VOLTMETERS  read  sharp 

and  clear:  day  or  night,  dark  or 

light,  near  or  far,  up  or  down,  fast  or  slow. 

how’s  it  possible?  We’ve  simply  expanded  the  useful  portion 

of  a  conventional  scale,  completely  eliminated  the  mass 
of  non-essential,  impossible-to-read  divisions. 

WHICH  MEANS?  Accuracy  to  0.3%  of  center-scale  value.  And 
resolution  of  the  highest  order:  0.1  volt. 

APPLICATIONS?  Whether  aground  or  aloft,  there’s  a  Beckman 
Expanded  Scale  AC  or  DC  Voltmeter  to  meet 
your  voltage  measuring  requirements.  Eight 
basic  models  in  126  shapes,  sizes  and  ranges  for 
panel  installations  in  ground  systems,  aircraft  and 
^  test  equipment. 

W  MORE  INFORMATION  ?  Yours  for  the  asking . , . 

^  write  for  data  file  34A. 


Beckm  a  n  /  Newport  Beach,  California 

j  Helipot  A  division  of 

/  Corporation  Beckman  Instruments,  Inc. 

Engineering  representatives 
in  principal  cities 


new  solenoids  are  available  from  the 
manufacturer  for  any  specihe  volt¬ 
age  from  6  to  230  v,  60  cycles  a-c 
or  d-c.  All  d-c  units  are  also  avail¬ 
able  for  400-cycle  operation.  Circle 
476  on  Reader  Service  Card. 


Terminal  Block 
compact  device 

Gemco  Electric  Co.,  25685  W. 
Eight  Mile  Road,  Detroit  40,  Mich. 
A  new  compact  terminal  block  is 
a\’ailable  for  custom  assembly  or  in 
factory  assembled  strips  rated  at 
600  v  a-c  or  d-c,  15,  25,  and  50 
ampere  ratings. 

Features  are:  snap-in  marking 
strip,  and  snap-on  terminal  block, 
both  of  which  make  modifications 
to  a  mounted  terminal  strip  a  fast 
operation. 

No  special  mounting  rods  are 
required— standard  A  in.  round 
cold  rolled  steel  fits  each  molded 
piece  and  permits  rapid  assembly 
of  special  requirements.  All  three 
current  ratings  can  be  assembled 
into  one  mounting  strip. 

Open-tvpe  terminals  and  pan 
head  screws  which  have  captive 
wire  clamps  make  wiring  easy. 
Circle  477  on  Reader  Service  Card. 


#  ^  ^ 


Time-Mark  Generator 
rack-mounting  unit 

Tektronix,  Inc.,  P.  O.  Box  831, 
Portland  7,  Oregon.  Type  RM181 
generates  five  time  markers— 1, 
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10,  100,  1,000,  and  10,000  /.sec, 
and  a  10-mc  sine  wave.  Output 
amplitude  is  about  2  v.  All  six 
outputs  are  a\ailable  at  a  common 
coaxial  connector  through  use  of 
a  selector  switch,  and  the  6vc  time 
markers  are  also  available  at  front- 
panel  binding  posts.  The  markers 
and  sine  wave  are  derived  from  a 
1-mc  crystal-controlled  oscillator 
with  a  frc-quency  tolerance  of  about 
0.03  percent  and  a  short  time  stabil¬ 
ity,  after  initial  warmup,  of  about 
0.005  percent  p>er  hour.  Dimen¬ 
sions  are  5i  in.  high,  19  in.  wide 
91  in.  rack  depth  (approximately  3 
in.  additional  required  for  power 
cord),  11  in.  overall  depth.  Price 
is  S250. 

The  RM181  is  also  available 
with  a  temperature-stabilized  crys¬ 
tal  oven  installed.  This  is  priced 
at  S270.  Frequency  stability  is  2 
ppm  over  a  24-hour  p>eriod.  Circle 
478  on  Reader  Service  Card. 


Core  Tester 
displays  on  cro 

M.\ck  Electronics,  40  Leon  St., 
Boston  1 5,  Mass.,  has  available  a 
tester  which  provides  a  display  of 
magnetic  toroid  characteristics. 
Model  123  core  tester  provides  a 
displav  of  coercive  force,  saturation 
flux  densih',  B,  :  B„,  ratio,  differen¬ 
tial  permeability  and  shows  the 
shape  of  the  hysteresis  loop.  The 
display,  made  on  a  cro,  permits  a 
quick  evaluation  of  the  basic  core 
characteristics  in  relation  to  a 
specific  circuit  application. 

'Hie  core  tester  is  based  upon 
current  reset.  The  reset  current  is 
variable  up  to  6  amperes.  The  test 
probe  is  a  single  wire  solid  rod 
which  permits  manual  testing  rates 
up  to  400  cores  per  hour.  Circle 
479  on  Reader  Service  Card. 


for  molybdenum  furnaces 

This  transformer  has  a  10,000  Ampere  secondary  with  a  maximum  of 
5  volts.  The  primary  taps  are  extended  to  reduce  secondary  to 
0.75  volts.  The  secondary  copper  is  %"  thick  and  16”  long,  over  which  is 
connected  and  built-in  a  5  Ampere  current  transformer. 
This  special  transformer  is  made  for  air-blast  cooling  as  the 
physical  size  had  to  be  kept  extremely  small. 

The  heating  transformer,  a  new  member  of  the  well-known  family  of  NWL 
custom-built  Transformers,  is  made  to  fit  the  particular  needs  of  the  user. 

Each  Nothelfer  transformer  is  individually  tested  for  core  loss  polarity, 
voltage,  corona,  insulation  breakdown  and  aging  characteristics  and  must 
meet  all  customer's  requirements  before  shipment.  We  shall  be  glad  to 
receive  your  specifications  and  quote  you  accordingly. 


SAV;  NO-TEL-FER  ir 

NOTHELFER  WINDING  LABORATORIES,  INC.,  P.  0.  Box  455,  Dept  E3,  Trenton,  N.  J. 
(Spocialitts  ill  CMtoM-bnildtai) 
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IMPULSE 

LATCHING 

RELAY 


LIGHT  DUTY 
GENERAL  PURPOSE 
RELAY 


S  OL  t  N  0  I  0  S 


HERMETIC  SEALING 


Literature 


MATERIALS 


Insulating  Material.  Standard 
Insulation  Co.,  74  Paterson  Avc., 
East  Rutherford,  N.  J.  Technical 
data  sheets,  typical  curing  condi¬ 
tions  and  samples  of  Stanprcg  A- 
Ph  heat  resistant  phenolic  resin 
prc-impregnated  glass  cloth  are  now 
axailable.  Circle  500  on  Reader 
Service  Card. 


Features  an  insulated  rocker  arm 
activated  by  a  single  coil,  instead  of  the 
usual  two.  Ideal  for  machine  controls,  appliances,  positioning 
devices,  remote  TV  controls  and  other  applications  where  opposite 
switching  is  desired  each  time  circuit  is  pulsed.  Contact  combinations 
up  to  4  “C”;  rated  amperes  @  115  V.  AC  resistive. 


Magnetic  Shielding.  Magnetic 
Shield  Division,  Perfection  Mica 
Co.,  1322  No.  Elston  Ave.,  Chi¬ 
cago  22,  Ill.  Data  sheet  134  illus¬ 
trates  and  describes  the  new  seam¬ 
less,  non-shock  sensitive,  non-re- 
tcntivc  Nctic  magnetic  shields.  The 
shields  discussed  are  designed  for 
greater  effectiveness  in  attenuating 
both  high  and  low  frequencies  of 
substantially  increased  transformer 
radiation  in  transistorized  power 
supplies.  Circle  501  on  Reader 
Service  Card. 


Nickel  Clad  Copper  Wire.  SyT- 
vania  Electric  Products  Inc.,  1740 
Broadway,  New  York  19,  N.  Y.  A 
technical  information  bulletin  de¬ 
scribes  the  chemical  composition, 
mechanical  properties,  conductivity 
and  resistivity  of  Kulgrid  28  nickel 
clad  copper  wire  dc\cloped  for 
high  temperature  applications. 
Circle  502  on  Reader  Service  Card. 


Wiif  ELECTRIC  COMPANY 

3349  ADDISON  ST.,  CHICAGO  18.  ILLINOIS 


Suitable  for  use  in  a  wide  range  of  applications.  For  AC  or  DC  operation. 
Compact  size,  lightweight.  Shock  and  vibration  resistant.  Positive 
contact  pressure.  Contact  combinations  up  to  3  "C".  Contact 
rating,  5  amp.  resistive  with  5/32'  dia.  (10  amp.  with  3/16'  dia.).  Available 
open,  or  in  plastic  dust  covers  with  plug-in  feature,  as  illustrated. 

Send  For  Details  _ 


COMPONENTS 


Digital  Devices.  Anatran  Corp., 
45  West  Union  St.,  Pasadena, 
Calif.  “Digitometry,  A  Concept  of 
Digital  Control  and  Indication”  is 
the  title  of  a  new'  four-page  tech¬ 
nical  bulletin.  It  describes  five  new 
components  for  use  as  digital  actu¬ 
ators  and  feedback  de\ices  in  scr\o 
and  instrumentation  system.  Circle 
503  on  Reader  Service  Card. 


Electromcchanicai  Products. 
G.  H.  Leland,  Inc.,  123  Webster 
St.,  Dayton  2,  Ohio.  Bulletin  No. 
1 1 57LS  describes  the  company’s 
line  of  Ledex  rotary  solenoids, 
selector  switches,  hermetically 
scaled  selectors,  and  Synchramcntal 
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of  the  Week 

stepping  motors.  Circle  504  on 
Reader  Service  Card. 

High  Speed  Commutator.  Wi- 
ancko  Engineering  Co.,  255  N. 
Halstead  St.,  Pasadena,  Calif.  En¬ 
gineering  data  sheet  857-409  covers 
the  series  25-1100  high  speed  com¬ 
mutator.  The  instrument  discussed 
is  a  small,  solid-state,  electronic 
commutator  designed  to  sample  in¬ 
puts  from  10  to  100  pickups,  at 
rates  up  to  30,000  samples  per  sec. 
Circle  505  on  Reader  Service  Card. 

Metal  Film  Resistor.  Weston 
Electrical  Instrument  Corp.,  A 
Subsidiary'  of  Daystrom,  Inc.,  New¬ 
ark  12,  N.  J.  A  4-page  folder  de¬ 
scribes  the  Vamistor,  a  metal  film 
precision  resistor  in  which  the  re¬ 
sistance  element,  actually  a  ribbon 
of  metal,  is  thermally  fused  to  the 
inside  wall  of  a  Steatite  tube  hav¬ 
ing  silver  terminals  fired  to  each 
end.  Circle  506  on  Reader  Service 
Card. 

Metallized  -  Paper  Capacitors. 
Aerovox  Corp.,  New  Bedford, 
Mass.,  has  released  a  new  engineer¬ 
ing  bulletin  on  type  P83Z  micro¬ 
miniature  Aerolite  molded  thermo¬ 
plastic  metallized-paper  capacitors. 
It  provides  complete  specifications, 
size  and  capacitance  tables  as  well 
as  insulation  resistance  tables  on 
these  small  capacitors.  Circle  507 
on  Reader  Service  Card. 

Precision  Potentiometer.  Beck- 
man/Helipot  Corp.,  Newport 
Beach,  Calif.  Current  details  of 
the  series  7600  precision  pot  are 
completely  covered  in  data  sheet 
1273  (superseding  54-14).  In  ad¬ 
dition  to  dimensional  drawings  and 
descriptive  text  about  the  10-turn, 
1  13/16  in.  diameter  pot,  the  four- 
page  data  sheet  now  includes  a  ta¬ 
ble  of  coil  characteristics  for  re¬ 
sistance  values  ranging  from  350 
to  450,000  ohms.  Circle  508  on 
Reader  Service  Card. 

Printed  Circuit  Connector.  De- 
Jur-Amsco  Corp.,  45-01  Northern 
Blvd.,  Long  Island  City  1,  N.  Y. 
An  illustrated  bulletin  gives  speci¬ 
fications,  outline  dimensions  and 


in  the  lab,  or  on  the  line... 


for  Accuracy,  Dependability... 


SPECIFY  RCA! 


_  Economy... 


For  fast  delivery  of  these  quality  test  instruments  for  lab, 
line  or  shop... CALL  YOUR  RCA  DISTRIBUTOR! 

*UMr  fric*  (epllenol) 

RADIO  CORPORATION  OF  AMERICA 

Elmetron  Tube  DM»lon  Harrlton,  M,  J, 


Hick-Santltlvltr  AC  VTVM  WV-74A-ALL  NEW  AC  VTVM  equipped 
with  large  7-Inch  meter.  Nine  voltage  ranges,  from  0.01  to 
100  volts.  Features  wide  frequency  response  (within  Vk  db 
from  20  cps  to  500  KC).  Input  resistance  and  capacitance 
with  "lo  cap"  probe-10  megohms  and  13  puf;  with  direct 
probe-1  megohm  and  95  nuf.  Overall  accuracy  ^5%  of  full 
scale.  Built-in  amplifier  with  gain  of  approximately  38  db 
and  output  Impedance  of  400  ohms  can  be  used  as  a  pre¬ 
amplifier  for  numerous  applications.  8H.90* 


Master  VoltOkmystti  WV-l7B-incorporates  all 
the  essential  features  of  the  Senior  Volt- 
Ohmyst  plus  JVz"  meter,  current  ranges  en¬ 
abling  current  measurements  from  10  ma  to 
15  amperes,  <ero-center  scale  adjustment  for 
discriminator  alignment.  8137.50* 


Juaier  VoltOhmysts  WV-77C-big  value  In 
vacuum-tube-volt-ohmmeters!  Factory  cali¬ 
brated  and  tested  to  laboratory  standards. 
Measures  dc  from  100  millivolts  to  1200 
volts;  ac  from  100  millivolts  to  1200  volts 
rms;  resistance  from  0.2  ohm  to  1,000  meg¬ 
ohms.  $51.50* 


Senior  VeltOhmyst®  WV-SIA- Ideal  for  TV, 
radar  and  other  types  of  pulse  work.  Provides 
accuracy  of  ±3%  on  both  ac  and  dc  measure¬ 
ments.  Measures  directly  peak-to-peak  values 
of  complex  wave  forms  and  rms  values  of 
sine  waves.  Features  :tl%  multiplier  and 
shunt  resistors,  a  2%  meter  movement,  ±3% 
on  AC  and  DC  voltages.  Less  than  :!:1%  track¬ 
ing  error.  Large  (6V^"  w.)  full-vision  meter 
provides  easy  readings.  $79.50* 


Ultra-Sensitive  DC  Microammeter  WV-S4S- 
popular  choice  for  industrial,  chemical  and 
general  laboratory  applications.  Designed  to 
measure  currents  from  0.0002  to  1000  micro- 
amp.  Can  be  used  as  ohmmeter  to  measure 
resistance  in  the  order  of  billions  of  ohms. 
Self-contained  batteries  permit  use  for  field 
applications.  Low  current  drain  tubes  extend 
battery  life:  meter  protected  from  accidental 
overloads.  $110.00*  (less  batteries) 
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general  information  on  the  new 
series  600-93  printed  circuit  con¬ 
nector  which  features  bellows  ac¬ 
tion  contacts.  Circle  509  on 
Reader  Service  Card. 


R-F  Filters.  All-Tronics,  Inc., 
45  Bond  St.,  Westbury,  L.  1., 
N.  Y.,  has  published  a  four-page 
catalog  listing  custom  r-f  filters  as 
stock  items  ready  for  off-the-shelf 
delivery.  Circle  510  on  Reader 
Service  Card. 


EQUIPMENT 


Instruments.  General  Radio  Co., 
275  Massachusetts  Ave.,  Cam¬ 
bridge  39,  Mass.  Volume  32, 
Numbers  8  and  9,  of  the  Experi¬ 
menter  deal  with  a  180-600  me 
oscillator  and  capacitance  bridges, 
respecti\ely.  Circle  511  on  Reader 
Service  Card. 


Measuring  Apparatus.  Ad-Yii 
Electronics  Lab,  Inc.,  249  Terhimc 
Ave.,  Passaic,  N.  J.  A  single-page 
bulletin  illustrates  and  describes 
the  new  tvpe  202  highly  accurate 
Vectorlvzer  which  makes  possible 
a  number  of  measurements— such  as 
small  phase  angles,  sector  sum  or 
sector  difference  of  tsso  soltages, 
ratio  of  tsvo  voltages,  and  others. 
Circle  512  on  Reader  Service  Card. 


Microwave  Test  Equipment. 
Weinschel  Engineering,  10503 
Metropolitan  Ase.,  Kensington, 
Md.  A  32  page  2-color  catalog 
describes  microsvase  test  equip>- 
ment  in  the  follosving  fields:  co¬ 
axial  attenuators,  d-c  to  10,000  me; 
insertion  loss  test  sets,  0  to  30  db; 
modulated  r-f  sources,  50  to  2,000 
mc;  modulator,  bolometer  pream¬ 
plifier;  termination,  d-c  to  10,000 
mc.  Circle  513  on  Reader  Service 
Card. 


Sub-Miniature  Variable  Resistors 

Smaller  than  a  dime,  these  units  will  meet  MIL-R-94B  resistance 
change  requirements  imder  twice  their  rated  load. 

These  Model  cTP  and  JL  controls  have  extremely  high  wattage 
dissipation  due  to  Centralab’s  ICE  (Interfused  Composition 
Element).  Their  extreme  electrical  stability  makes  them  ideal  for 
applications  involving  high  temperature  and  other  severe  operating 
conditions. 

•  Meet  or  exceed  MIL-R-94B  requirements  for  moisture  resistance, 
insulation  resistance,  thermal  cycling,  etc. 

•  Completely  enclosed  cases  can  be  sealed  or  potted. 

•  Resistance  range  of  stock  units;  1000  ohms  to  2.5  megohms,  linear 
taper,  with  plain  shaft  (Model  JP)  or  slotted  shaft  with  locking 
bushing  (Model  JL). 

Ask  your  distributor  for  Catalog  30  listing  these  stock  models. 
For  complete  technical  information  write  to  Centralab 
for  Engineering  Bulletin  EP-63. 


Production  Machinery.  Kahle 
Engineering  Co.,  1 307  Seventh  St., 
North  Bergen,  N.  J.  Ten  new  cata¬ 
log  sheets  cover  machinerv  for  the 
production  of  semiconductors  and 
tubes.  They  include:  an  automatic 
whisker  former  and  welder,  a  tran¬ 
sistor  button  stem  machine,  an 
automatic  final  seal  machine  for 
glass  bodied  diodes,  two  manual 
type  final  seal  machines  for  glass 
diodes,  a  crystal  pulling  machine, 


A  DIVISION  OF  GIOBE-UNION,  INC. 
914C  E.  KEEFE  AVE.  •  MILWAUKEE  1,  WIS. 
In  (giMdn:  104  Ml.  Flcnsont  Id.  •  Toronto,  Ontario 


VARIABLE  RESISTORS  •  PACKAGED  ELECTRONIC  ORCUITS  •  ELECTRONIC  SWITCHES 
CERAMIC  CAPACITORS  •  ENGINEERED  CERAMICS  •  SEMI-CONDUCTOR  PRODUCTS 
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OF  COURSE-ONE  SOURCE 


from  base  laminates 
to  completed 


PRINTED  CIRCUITS 


Only  Norplex  offers  one- 
source  manufacturing  of 
both  base  laminates  and 
printed  circuits.  You  get  top 
advantages  in  service, cost, 
quality  on  all  circuitry  .  .  . 
1  or  2  side,  selective  solder¬ 
ing,  flush  for  switching  ap¬ 
plications.  Write  today,  or 
send  print. 


Over  5,000,000  Norp/ex  printed  circuits  in  use! 


I^oriplex 


Northern  Plastics  Corp. 

Manufacturers  and  fabricators  of  industrial  laminates 
for  electrical,  mechanical  application.  ^ 

Sales  offices  in  principal  cities. 


2nd  and  Market  Streets,  La  Crosse 


a  motor  speed  programmer  used 
with  crystal  growers,  a  fusing  fur¬ 
nace  for  alloy  junction  transistors, 
and  a  specially  adapted  lead  wire 
welder.  An  appendix  sheet  con¬ 
tains  some  useful  tables.  Circle  514 
on  Reader  Service  Card. 


Remote  Area  Monitoring.  The 
Victoreen  Instrument  Co.,  5806 
Hough  Ave.,  Cleveland  3,  Ohio. 
Form  304  5A  is  a  four-page  bulletin 
descriptive  of  the  company’s  re¬ 
mote  area  monitoring  systems.  It 
co\ers  the  basic  units  in  the  sys¬ 
tems  and  gives  specification  data 
such  as  ranges,  response,  accuracy' 
and  stability.  Model  numbers,  sug¬ 
gested  uses,  dimensions  and 
weights  are  also  included.  Circle 
515  on  Reader  Service  Card. 


SPURS  •  HELICALS  •  WORM  AND  WORM  GEARS  •  STRAIGHT  BEVELS 
LEAD  SCREWS  •  RATCHETS  •  CLUSTER  GEARS  •  RACKS  •  INTERNALS  •  ODD  SHAPES 


VVide-Band  Power  Amplifier. 
Resdel  Engineering  Corp.,  330 
South  Fair  Oaks  Ave.,  Pasadena  1, 
Calif.,  is  issuing  a  technical  folder 
on  model  90173  X-band  pulse/ 
c-w  wide-band  power  amplifier  used 
in  simulation  of  jamming  signals, 
microwave  filter  testing,  antenna 
testing  and  propagation  studies; 
and  attenuator  testing.  Circle  516 
on  Reader  Service  Card.  . 
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Fabricating  Facilities.  D.  E. 
Makepeace  Co.,  Pine  and  Dunham 
Sts.,  Attleboro,  Mass.  A  5-page 
bulletin  describes  the  melting,  fabri¬ 
cating,  testing  and  quality-control 
facilities  available  in  the  company’s 
new  nuclear  and  specialty  metals 
plant.  Circle  517  on  Reader  Serv¬ 
ice  Card. 


Pulse  Techniques.  Navigation 
Computer  Corp.,  1621  Snyder 
A\c.,  Philadelphia  45,  Pa.,  has  an¬ 
nounced  a  newsletter.  Pulse  Tech¬ 
niques,  about  new  applications  for 
transistorized  digital  circuits.  The 
first  issue  describes  basic  shift 
register  operation  and  covers  se\’- 
cral  applications  of  shift  registers 
as  pulse  pattern  and  pulse  burst 
generators.  Future  topics  will  in¬ 
clude  magnetic  core  testing,  binary 
and  decimal  counter  logic,  arithme¬ 
tic  operations  and  magnetic  tape 
and  drum  recording  systems.  Circle 
518  on  Reader  Service  Card. 
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PLANTS  and  PEOPLE 


Top  row  (left  to  right), 
GEORGE  W.  BAILEY,  Chair¬ 
man  General  Committee;  STU¬ 
ART  L.  BAILEY,  Vice  Chair¬ 
man,  General  Committee; 
DONALD  G.  FINK,  Ex-Officio 
member.  General  Committee. 


Bottom  row  (left),  GEORGE 
HALLER,  Chairman,  Technical 
Program  Committee;  (right), 
ROBERT  C.  SPRAGUE, 
Guest  Speaker,  Annual  Banquet. 


IRE  Ready  For  '58  Annual  Convention 


A  COMPREHENSIVE  55-session  pro¬ 
gram,  involving  some  280  pajiers 
ranging  over  11  fields  of  radio¬ 
electronics,  has  been  set  for  the 
1958  IRE  National  Convention  on 
March  24-27  in  New  York  Citv. 
Thirtv-three  sessions  will  be  held  at 
the  Waldorf-Astoria  Hotel  and  22 
at  the  New  York  Coliseum.  (In 
listing  the  program,  locations  are 
referred  to  as  WA  and  C,  respec¬ 
tively).  An  attendance  of  50,000 
engineers  and  scientists  from  40 
countries  is  expected. 

I’he  Coliseum  will  also  house 
the  Radio  Engineering  Show,  at 
which  approximately  20,000  items 
of  the  most  adxanced  electronic  ap¬ 
paratus  will  be  displayed  by  850 
exhibitors,  much  of  it  for  the  first 
time.  The  exhibitors  represent  80 
percent  of  the  total  production 
capacity  of  the  electronics  industry. 

High  p>oint  of  the  technical  pro¬ 
gram  will  be  two  special  sessions  on 
Tuesday  evening,  March  25.  Panels 
of  the  leading  experts  will  discuss 
“Electronics  in  Space”  and  “Elec¬ 
tronics  Systems  in  Industrv.” 


The  technical  program  was 
organized  by  representatives  of  27 
IRE  professional  groups  under  the 
chairmanship  of  George  L.  Haller, 
general  manager  of  the  General 
Electric  Co.  Defense  Electronics 
division.  TTic  program  co\crs  a 
wide  range  of  currently  important 
topics,  including  controlled  ther¬ 
monuclear  power  atomic  clocks  and 
Masers,  automation  system  of  pos¬ 
tal  opierations,  medical  electronics. 

Presented  for  the  first  time  are 
sessions  on  education,  engineering 
writing  and  speech,  and  r-f  inter¬ 
ference,  due  to  the  establishment  of 
new  IRE  Professional  Groups  in 
these  fields  within  the  past  year. 

The  full  program  follows: 

SESSION  1 
Monday,  March  24 
2:?0-5:00  P.M.  (WA) 
TUTORIAL  SESSION  ON 
DETECTION  THEORY  AND 
ITS  APPLICATIONS 

Detection  as  a  Statistical  Decision  Prob¬ 
lem,  by  David  Van  Meter,  Melpar  Re¬ 
search  Dept. 

Some  Communications  Applications  of 
Detection  Theory,  by  W.  B.  Davenport, 
Jr.,  Lincoln  Lab.,  MIT. 


Some  Applications  of  Detection  Theory 
to  Radar,  bv  Win.  McC.  Sicbert,  Electrical 
Engineering  Dept.,  MIT. 

Human  Factors  in  Detection  and  Speech 
Communications,  by  J.  P.  Egan,  Psychology 
Dept.,  Indiana  University. 

SES'SION  2 
Monday,  March  24 
2:30-5:00  P.M.  (WA) 
VEHICULAR  COMMUNICATIONS 

Direct  Despatch  Service,  by  A.  J. 
Dinnin,  Bell  Tel  Co.  of  Canada. 

.\  Unique  Radio  System  Designed  for 
Flood  Forecasting,  by  W.  C.  M’ray, 
Motorola,  Inc. 

New  .\pproach  to  Broadband  Ve¬ 
hicular  .\ntennas,  by  Helmut  Brueckmann, 
U.  S.  .Army  Signal  Engineering  Labs. 

Mobilization  of  Transistors,  by  R.  J. 
Hansen,  General  Electric  Co. 

Vehicular  Noise  Problems  in  Modern 
Land  Mobile  Systems,  by  S.  F.  Meyer, 
Allen  B.  DuMont  Labs.,  Inc. 

SESSION  3 
Monday,  March  24 
2:30-5:00  P.M.  (WA) 

TELEMETRY  AND  REMOTE 

CONTROL 

The  RCA  Flight  Data  System,  by  C.  N. 
Batsel,  Jr.,  R.  E.  Montijo,  Jr.  and  E.  J. 
Smucklcr,  Radio  Corp.  of  America. 

A  Pulse  Position  Telemetry  System,  by 
L.  Weisman  and  E.  S.  Teltscher,  Foril 
Instrument  Co. 

Sample  and  Hold  Circuits  for  Time  Cor¬ 
relation  of  .Analog  Voltage  Information,  by 
W.  T,  Eddins,  Radiation,  Inc. 

.A  Transistorized  Si.x-Channel  Airborne 
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Where  Do 

Great  Ideas  Come  From? 


Trom  its  beginnings  this  nation  has  been 
guided  by  great  ideas. 

The  men  who  hammered  out  the  Constitution 
and  the  Bill  of  Rights  were  thinkers— men  of 
vision  — the  best  educated  men  of  their  day. 
And  every  major  advance  in  our  civilization 
since  that  time  has  come  from  minds  equipped 
by  education  to  create  great  ideas  and  put 
them  into  action. 

So,  at  the  very  core  of  our  progress  is  the 
college  classroom.  It  is  there  that  the  imagina¬ 
tion  of  young  men  and  women  gains  the  in¬ 
tellectual  discipline  that  turns  it  to  useful 
thinking.  It  is  there  that  the  great  ideas  of 
the  future  will  be  born. 

That  is  why  the  present  tasks  of  our  colleges 
and  universities  are  of  vital  concern  to  every 


American.  These  institutions  are  doing  their 
utmost  to  raise  their  teaching  standards,  to 
meet  the  steadily  rising  pressure  for  enroll¬ 
ment,  and  provide  the  healthy  educational 
climate  in  which  great  ideas  may  flourish. 

They  need  the  help  of  all  who  love  freedom,  all 
who  hope  for  continued  progress  in  science, 
in  statesmanship,  in  the  better  things  of  life. 
And  they  need  it  noio! 


If  you  want  to  know  what  the  college  crisis 

means  to  you,  write  for  a  free  , 

booklet  to:  HIGHER  EDUCA-  A'  HtOHan  SDUCATIOH 

TION,  Box  36,  Times  Square 
Station,  New  York  36,  N.  Y. 


Sponsored  as  a  public  service,  in  cooperation  tcith  the  Council  for  Financial  Aid  to  Education, 
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SESSION  9 
Tuesday,  Match  25 
10:00  A.M.-i2:30  P.M.  (WA) 

AUTOMATIC  CONTROL- 

GENERAL 

A  Servo  Pressure  Control  System  for  the 
Iron  Lung,  by  G.  A.  Bictnson,  Sylvania 
Electric  Products  Inc.,  and  J.  E.  Ward, 
Servoniechanisins  Lab.,  MIT. 

Gain-Phase  Relations  of  Non-Linear  Cir¬ 
cuits,  by  Emanuel  Levinson,  Sperry  Gyro¬ 
scope  Co. 

On  the  Design  of  Adaptive  Systems,  by 
H.  L.  Groginsky,  Electronics  Research 
Labs.,  Columbia  University. 

The  Organization  of  Digital  Computers 
for  Process  Control,  by  Geoffrey  Post  and 
E.  L.  Braun,  Litton  Industries. 

A  Self-.'Xdjusting  System  for  Optimum 
Dynamic  Performance,  by  G.  VV'.  Anderson, 
J.  A.  Aseltine,  A.  R.  Mancini,  C.  W.  Sat- 
ture,  Acronutronic  Systems,  Inc. 

SESSION  10 
Tuesday,  Match  25 
10:00  A.M.-12:30  P.M.  (WA) 
CONTROLLED  THERMO¬ 
NUCLEAR  POWER 

Controlled  Thermonuclear  Fusion  and 
Its  Meaning  for  the  Radio  Engineer,  by 
E.  W.  Herold,  C.  Stcllarator  Associates. 

Hydroinagnetic  Instabilities — A  Pictorial 
Approach,  by  Ira  Bernstein,  Project  Matter¬ 
horn,  Princeton  University. 

Microwave  Measurements  in  Controlled 
Fusion  Research,  by  Mark  Heald,  Project 
Matterhorn,  Princeton  University. 

Measurements  of  Neutron  Production  in 
a  Dynamic  Pinch,  by  Robert  Pyle,  Univer¬ 
sity  of  California,  Radiation  Laboratory. 

Production  of  Intense  Magnetic  Fields 
and  Their  Relation  to  Fusion  Reactors,  by 
Morton  Levine,  Cambridge  Research 
Center. 

Plasmas  for  Propulsion,  by  Winston 
Bostick,  Physics  Dept.,  Stevens  Institute 
of  Technology. 

SESSION  11 
Tuesdav,  March  25 
10:00  A.M.-i2:30  P.M.  (WA) 

BROADCAST  TRANSMISSION 
SYSTEMS 

Video  Modulation  Limiter,  by  L.  S.  Sad¬ 
ler,  Television  Station  WMTV. 

Color  TV  Recording  on  Magnetic  Tape, 


.A.  L.  Albin  and  C.  B.  Pearlston,  Filtron  Co., 
Inc. 

Small,  Lightweight,  RF  Interference  Sup¬ 
pressors  Using  Transistors,  by  W'alter  Pe- 
cota,  Sperry  Gyroscope  Co. 

Transmission  Interference  in  Low  Level 
Instrumentation  Systems,  by  J.  C.  Crosby, 
Consolidated  Electrodynamics  Corp. 

Spurious  Frequency  Measurement  in 
Waveguide,  by  Michael  Morelli,  Rome  Air 
Development  Center,  Criffiss  Air  Force 
Base. 

SESSION  8 
Mondav,  March  24 
2:30-5:00  P.M.  (C) 

ADVANCES  IN  PRODUCTION 
ENGINEERING 

Automatic  Transistor  Classifier,  by  F.  f. 
Morcerf,  and  L.  F.  Roehm,  General  Elec¬ 
tric  Co. 

Circuit  Packaging  and  Integration  of 
'Pransistor  Assemblies,  by  H.  H.  Hagens, 
U.  S.  Army  Signal  Engineering  Labs. 

Automatic  Soldering  Machine  for  Printed 
Circuit  Assembly  Boards,  by  W.  L.  Oates, 
Radio  Corp.  of  America. 

Wire  Processing  for  Low-Volume  Elec¬ 
tronic  Production,  by  R.  D.  Peters,  General 
Electric  Co. 

“Case”  History,  by  T.  C.  Combs,  Zero 
Manufacturing  Co. 

Tension  in  Coil  and  Tape  Winding,  by 
E.  J.  Saxl,  Tensitron,  Inc. 
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i  SESSION  4 

:  Monday,  March  24 

5  2:30-5:00  P.M.  (WA) 

TECHNIQUES  AND  CRITERIA 
CONSIDERATIONS  IN 
ELECTRONIC  ENGINEERING 
Use  of  Kros-Term  System  for  Quick 
Retrieval  of  the  Technical  Detail  from 
Large  Pools  of  Information,  by  A.  P.  Vig- 
liotta,  U.  S.  Navy  Tng.  Device  Cen.,  and 
K.  D.  Swartzel,  Engleman  and  Co. 

Techniques  for  the  Presentation  of  Three- 
Dimensional  Information,  by  E.  J.  Kennedy 
and  E.  F.  LaForge,  Rome  Air  Development 
Center,  Criffiss  Air  Force  Base. 

Transistorized  Airborne  Military  Televi¬ 
sion  Techniques,  by  J.  J.  Kelly,  Norden- 
Ketay  Corp. 

Design  Criteria  for  Missile  Automatic 
Test  Equipment,  by  W.  O.  Campbell,  The 
Martin  Co. 

Active  Space-Frequency  Correlation  Sys¬ 
tems,  by  W.  E.  Kock  and  J.  L.  Stone,  Ben- 
dix  Aviation  Corp. 


SESSION  5 
Mondav,  March  24 
2:30-5:00  P.M.  (WA) 

PANEL:  EDUCATIONAL  NEEDS  IN 
SYSTEMS  ENGINEERING 
Chairman:  R.  P.  Johnson,  Vice  Pres.,  Re¬ 


search  and  Development,  The  Ramo 
Wooldridge  Corp. 

Participants: 

H.  Chestnut,  General  Electric  Co. 

H.  H.  Goode,  Dept,  of  E.  E.,  University 
of  Michigan. 

S.  Herwald,  W'estinghouse  Electric  Corn. 
R.  J.  Kochenburger,  Dept,  of  E.  E., 
University  of  Connecticut. 

W.  K.  Linvill,  Dept,  of  Defense. 

J.  Moore,  North  American  Aviation,  In¬ 
corporated. 


SESSION  6 
Mondav,  March  24 
2:30-5:00  P.M.  (C) 

ENGINEERING  WRITING  AND 
SPEECH 

Roadblocks  in  Technical  W'riting,  by 
T.  Griggs,  Eclipse-Pioneer  Div.,  Bendix 
Aviation  Corp. 

Writing  for  a  Technical  Journal,  by  E.  T. 
Ebersol,  Jr.,  Electronic  Design. 

Non-Technical  Help  for  Engineer- Writ¬ 
ers,  by  R.  B.  MaePherson,  Daystrom,  Inc. 

We  .Are  What  We  Say,  by  A.  Henesian, 
Lockheed  Missile  Systems  Division. 

Automatic  Creation  of  Literature  Ab¬ 
stracts  (Auto-Abstracts),  by  H.  P.  Luhn, 
IBM  Corp. 


SESSION  7 
Mondav,  March  24 
2:30-5:00  P.M.  (C) 

RADIO  FREQUENCY 
INTERFERENCE 
Bandwidth  Conservation  in  Pulse  Modu¬ 
lated  Radars,  by  R.  A.  Rosien  and  R.  Shav- 
lach.  The  University  of  Pennsylvania. 

Measurement  of  Spurious  Radiation  from 
Missilebome  Electronic  Equipments,  by 


Execs  Dig  In  For  IT&T  Lab 


at  Nutley,  N,  J.  When  the  cere¬ 
monial  shovel  failed  to  break  the 
frozen  ground  for  Henri  Busignies, 
right,  president  of  PTL,  John  E. 
Gingrich,  president  of  Federal  Tele¬ 
phone  and  Radio  Co.,  another 
IT&T  division,  dug  in  with  a  pick. 
In  the  background  is  FTL’s  300  ft 
microwave  radio  research  tower. 


Digitizer,  by  S.  H.  McMillan  and  W.  A. 
Sutton,  Strand  Engineering  Co. 

Channel  Selection  for  Nlulti-Carricr  Te¬ 
lemetry,  by  L.  S.  Taylor  and  G.  F.  Bigelow, 
Range  Instrumentation  Dev.  Division, 
White  Sands  Proving  Ground,  N.  Mex. 

Telemetering  Receiving  Station  Time 
Pulse  Detector,  by  J.  Star,  Applied  Physics 
Lab.,  lire  Johns  Hopkins  University. 


Clad  in  Arctic  gear  w'orn  by  Inter¬ 
national  Telephone  and  Telegraph 
Corp.  engineers  and  technicians 
who  man  the  DEW  line  in  Canada 
and  Alaska,  two  officials  of  that 
company  are  pictured  breaking 
ground  for  a  new  building  for 
IT&T’s  research  division.  Federal 
Telecommunication  Laboratories, 


is  tht  leader 


HAMO  niOMiCTt.  MC. 


530  South  Fulton  Avenue, 
Mount  Vernon,  N.  Y. 

Phone:  OWens  9-4600 
Cobles:  Panoramic, 


AUTOMATIC  CURVE  TRACING  OF 
AHENUATION  A  PHASE 
SHIFT  vs.  FREQUENCY 
with  Panoramic's  PA-1 
lP-1a  •  TW-1  •  SW-I 
Automatically  plots  phase 
shift  and  attenuation  char¬ 
acteristics  on  a  common 
frequency  scale.  Graphic 
presentation  of  phase 
shifts  reads  from  0.180°  full  scale.  Smaller 
angles  can  be  magnified  within  and  above 
this  scale  of  detailed  study.  This  unique 
system  assures  attenuation  measurements 
free  of  effects  of  noise,  hum  and  distortion 
products.  TW-t  establishes  optimum  scon 
speed.  SW-1  permits  marker  insertions  or 
comparisons  between  networks. 


flexibility 


MODEL  SPA-3  [ 

200  CPS-15  MC 
new  Panoramic 

BROAD  RANGE  SPECTRUM  ANALYZER 

Answers  the  demand  for  a  basic  multi-purpose 
instrument  with  maximum  application  flexibility. 
Bands  up  to  3  me  wide  may  be  centered  on 
the  screen  anywhere  from  0  to  13.5  me  with  a 
calibrated  center  frequency  dial.  20  db  lin, 
40  db  log  and  square  law  amplitude  scales; 
continuously  variable  resolution  and  sweep 
rate;  high  sensitivity  make  the  SPA-3  a 
versatile  and  economical  measuring  tool  for 

*  video  analysis  *  pulse  spectra  *  noise  studies 

*  ultrasonic  and  RF  waveform  analysis. 


at  I.R.E.  Booth  3515-3517 


RADIO  PRODUCTS.  INC. 


MODEL...  Rs 

ADVANCED  NEW  j^l 

Panoramic  MICROWAVE  ^ 

SPECTRUM  ANALYZER  * 

New  in  range,  advanced  in _ 

design,  this  Panoramic  Mi-  “  * - 

crowave  Spectrum  Analyzer  will  have  its  first 
showing  March  24,  1958.  Don't  miss  this  newest 
addition  to  the  long  line  of  widely  accepted 
Panoramic  Spectrum  Analyzers  which  embodies 
Panoramic's  far-sighted  development  techniques 
and  skilled  design  engineering. 


steps  into  higher  microwave  frequencies 


with  an  advanced  new  Panoramic 
Microwave  Spectrum  Analyzer 


(Single  Side  Band)  TRANSMISSION  ANALYSES 
vWi  Panoramic's  SB-1 2a  •  RC-3 
M  db  dynamic  range  •  four  convenient  pre-set 
"orrow  scon  ranges  plus  continuously  variable 
ivtepwidths  up  to  ±  50  kc  *  10  cps  resolution 
capability  *  excellent  sweep 
stability  e  exceptional  I.  F.  skirt 
selectivity  give  you  an  accurate 
inked  chart  of  dynamic  trans¬ 
mission  bond  occupancy,  non- 
linearities,  residual  carrier  and 
suppressed  sideband  levels,  hum 
and  other  low  frequency  modula¬ 
tions,  out  of  bond  radiations,  etc. 


dynamically  demonstrates 
Panoramic  systems 


POWER  DENSITY  ANALYSIS 
OF  RANDOM  WAVEFORMS 
with  Panoramic's 
POA-1  e  ip.ia  •  RC-3 

Provides,  at  will,  three  modes 
of  spectrum  analysis  of  com¬ 
plex  rondom  data  to  suit  a 
wide  variety  of  applications 

•  instantaneous  power  vs.  frequency  •  overage 
power  vs.  frequency  •  totalized  power  vs.  fre¬ 
quency  through  use  of  a  true  integrator 

*  data  is  reduced  to  a  permanent  12"  x  5" 
ink-on-poper  recording. 


creates  new  application 

with  a  single  new  Panoramic 

Broad  Range  Spectrum  Analyzer 


...instrumentation  groups  facilitating  accurate 
and  rapid  electronic  measurements 


Here  is  graphic  easy-to-use  instrumonto- 
tion  .  .  ,  that  makes  possible  fast, 
accurate,  reliable  and  complete  measure¬ 
ment  analysis  .  .  .  for  new  testing 
areas  .  .  .  for  more  critical  analyses.  See 
Panoramic's  newly  developed  instruments. 
Learn  how  Panoramic  instruments  can 
help  you.  Panoramic  Applications  Engi- 
neers  will  be  glad  to  work  with  you  on 
your  specific  problems  ...  or  write, 
wire,  phone  NOW  for  more  information. 
Ask  to  be  put  on  our  regular  mailing 
list  for  The  PANORAMIC 
ANALYZER  featuring  applica-  | 

tion  data,  and  send  for  our 
new  CATALOG  DIGEST. 


LOW  FREQUENCY  RESPONSE  TRACING 
0.5-2250  cps  wHh 
Panoramic's  LF-2  •  G-5 
Analyzes  frequency  re¬ 
sponse  characteristics  of 

•  servo  amplifiers  •  filt¬ 
ers  •  acoustic  reproduc¬ 
ers  •  transformers 

•  shaker  tables,  etc.,  in 
the  low  (subsonic)  frequency  range 
from  0.5  to  2,250  cps.  Plots  single  lino 
response  to  fundamental  frequency  only 

•  discriminates  against  noise  and  hum 


with  the  NEW 


Hydrogen  Thyratron 

Designed  to  meet  the  power 
requirements  of  quantum 
^  '  advances  in  MTI  Radar 


by  J.  L.  Grcvcr,  Radio  Corp.  of  America. 

An  Automaiic  TV  Lc\el  Control  Using 
Vertical  Internal  Test  Signals,  by  J.  R.  Pop- 
kin-Clunnan  and  Frank  Dasidofi,  I'cle- 
chrome  Mfg.  Corp. 

Report  on  Remote  Control  of  a  Directive 
Antenna  System,  by  H.  E.  Rhea,  Triangle 
Publications. 

A  Novel  System  for  Feeding  a  Single 
Tower  AM,  FM  and  TV  Signals,  by  A.  C. 
Coodnow,  Westinghouse  Broadcasting  Co. 

SESSION  12 
Tuesday,  March  25 
10:00  A.M.-i2:50  P.M.  (WA) 

STEREOPHONIC  DISC 
RECORDINGS 

RIAA  Engineering  Committee  Activities 
with  Respect  to  Stereophonic  Disc  Records, 
by  \\'.  S.  Bachman,  Columbia  Records,  Inc. 

The  Westrex  Stereodisk  System,  by 
C.  C.  Davis  and  J.  G.  Frayne,  Westrex 
Corp. 

Tracing  Distortion  in  Stereophonic  Disc 
Recording,  by  M.  S.  Corrington  and  T. 
Murakami,  RCA  Victor  Television  Div. 

Compatibilih  Problems  in  Stereophonic 
Disc  Reproduction,  by  B.  B.  Bauer  and 
R.  Snepvangers,  CBS  Labs. 

Phonograph  Pickups  for  Stereophonic 
Record  Reproduction,  by  W.  S.  Bachman, 
Columbia  Records,  Inc.,  and  B.  B.  Bauer, 
CBS  Labs. 

The  Requirements  of  a  Record  Changer, 
Component  Parts  and  Associated  Equip¬ 
ment  for.  Stereophonic  Record  Reproduc¬ 
tion,  by  W.  Faulkner,  V-M  Corp. 

SESSION  n 
Tuesday,  March  25 
10:00  A.M.-i2:00  Noon  (WA) 
PLANNING  AGAINST  TIME 

Weapons  Systems  Development,  by  Gen. 
Bernard  A.  Schriever,  Air  Force  Ballistic 
Missile  Div. 

Commercial  Product  Development,  by 
Robert  Thalner,  Sylvania  Radio  and  Tele¬ 
vision  Set  Div. 

Scientific  Manpower,  by  Howard  A. 
Meyerhoff,  Scientific  Manpower  Commis¬ 
sion. 


PERFORMANCE 


millimicroseconds  I 


•  Saves  up  to  10  minutes  in  cathode  warm-up  time 
-Instantaneous  starting  at  24  kilovolts 
>  Eliminates  cathode  over-volting  relays 


SESSION  14 
Tuesday,  March  25 
10:00  A.M.-12:30  P.M.  (C) 
AERONAUTICAL  AND 
NAVIGATIONAL  ELECTRONICS 

A  Vortac  Traffic  Control  System,  by 
P.  E.  Ricketts,  Rome  Air  Development 
Center,  Criffiss  Air  Force  Base. 

Airborne  Vortac  DME  for  Federal  .Air¬ 
ways  System,  by  S.  M.  Dodington  and 
B.  B.  Mahler,  Federal  Telecommunication 
Labs. 

IDEA — Integrated  Defense  Early-Warn¬ 
ing  Air  Traffic  Control,  by  B.  IT  Baldridge, 
General  Electric  Co. 

The  AN/APN-96  Doppler  Radar  Set,  by 
M.  W.  McKay,  General  Precision  Lab., 
Inc. 

Increasing  the  Traffic  Capacity  of  Trans¬ 
ponder  Systems,  by  II.  Davis  and  M.  Setrin, 
Rome  Air  Development  Center,  Griffiss 
Air  Force  Base. 


Kuthe’s  1257  type  is  the  hydro¬ 
gen  thyratron  now  used  in  very- 
high-powered  radar . . .  providing 
quick,  dependable  performance 
where  such  performance  is  a  must. 

Kuthe^s  new-design  1 2  5  7  is  man¬ 
ufactured  to  the  highest  standards 
of  the  industry ...  by  world  leaders 
in  meeting  requirements  of  the 
most  exacting  special  applications. 

Whatever  your  needs  for  hydro¬ 
gen  thyratrons — call  Kuthe! 


Kuthe’s  new  1257  was  especially 
designed  for  MTI  modulators  with 
jiner  below  5  millimicroseconds. 

This  outstandingly  superior  tube 
minimizes  reservoir  programming. 
It  starts  instantly  at  24  kilovolts . . . 
goes  into  action  in  5  minutes  in¬ 
stead  of  15...  saving  up  to  66%  in 
warm-up  time — and  without  cath¬ 
ode  over-volting.  This  high-speed 
action  is  made  possible  by  Kuthe’s 
fast-warm-up  reservoir. 


d .  0.4  ms. 

b . 20  X  10» 

Typical  operation.  17.5  KV  DC  310  pps  at 
2.5  /isec. 

31,000  RW  peak  power,  1.55  A  averaxe 
current. 

A  hydrogen  reservior  is  incorporated  for 
long  life. 


Peak  pulse  power . . 33  Mw 

Average  power  level . 43  KW 

Heater . 6.3  volts,  30  A 

Reservoir . 3.0-6.0  volts,  3.0-8.0  A 

Size . 20”  o.a.1.  x  8.562”  dia.  max. 

Peak  forward  anode  voltage  33.0  kVdc  max. 

Peak  anode  current . 2000  a  max. 

Peak  trigger  voluge . 1300  volts  min. 


SESSION  15 
Tuesday,  March  25 
10:00  .\..M'.-12:5Q  P.M.  (C) 
MEDICAL  ELECTRONICS 

A  New  Nipkow-Disk  Scanner  for  Ac¬ 
curate  Cytological  .Measurements,  by  II.  S. 
Sawyer  and  R.  C.  Bostrom,  Airborne  In¬ 
struments  Lab.,  Inc. 

Electrocardiograph  Telemetering  (Radio), 
by  J.  C.  Webb,  L.  E.  Campbell  and  J.  G. 
Hartsock,  Agricultural  Research  Service, 
U.  S.  Dept,  of  Agriculture. 

Electronics  in  Biochemical  Spectroscopy, 
by  M.  Rogoff,  Federal  Telecommunic.ition 


For  comploto  information 
wrho  to  Dopt,  W-313 


Kuthe  Labomtones.  Inc. 
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FIFCTPONII 


Labs.,  and  T.  Gallagher,  Sloan  Kettering 
Institute. 

Patient  Data  Systems  for  Hospitals,  by 
C.  Guy  Knickerbocker  and  G.  N.  W'ebb, 
Dept,  of  Medicine,  Johns  Hopkins  Hospital. 

,\  New  Intracardiac  Pressure  Measuring 
System  for  Infants  and  .\dults,  by  War- 
nick,  Scientific  Lab.,  Ford  Motor  Co.,  and 
E.  H.  Drake,  Dept,  of  .\dult  Cardiology, 
Henry  Ford  Hospital. 

The  Electronic  Evaluation  of  Fetal  Dis¬ 
tress,  by  E.  H.  Hon,  Dept,  of  Obstetrics 
and  Gynecology,  Yale  University  School  of 
Medicine. 

SESSION  16 
Tuesday,  March  25 
10:00  .VM;-12:?0  P.M.  (C) 

GENERAL  COMMUNICATIONS 
SYSTEMS 

Digital  Communication  Systems,  by 
R.  L.  Ploufle,  Federal  Telecommunication 
Labs. 

Constant  .\mplitude  Speech,  by  P.  J. 
Ferrell,  Rome  Air  Development  Center, 
Criffiss  Air  Force  Base. 

Exploitation  of  Physical  Phenomena  for 
Communications,  by  J.  L.  Ryerson,  Rome 
.\ir  Development  Center,  Criffiss  .\ir  Force 
Base. 

Reduction  of  Intermodulation  in  Micro¬ 
wave  Systems  by  Using  Ferrite  Load  Isola¬ 
tors,  bv  N.  P.  W’cinhouse,  Collins  Radio 
Co. 

The  Effects  of  Pulse  Shape  and  Fre¬ 
quency  Separation  on  FSK  Transmission 
Through  Fading,  by  G.  L.  Turin,  Hughes 
Research  &  Development  Labs. 

A  45  Channel  PPM  System,  by  S.  M. 
Schreiner  and  B.  Mc.\dams,  Federal  Tele- 
eomuumication  Labs. 

New  Trends  in  Directional  Communica¬ 
tions,  by  R.  C.  Benoit,  Jr.  and  Francis 
Coughlin,  Jr.,  Rome  .\ir  Dexclopment 
Center,  Criffiss  Air  Force  Base. 

SESSION  17 
Tuesday,  March  25 
2:50-5:00  P.M.  (WA)  ‘ 

CHANGING  DEMANDS  ON  THE 
BREADTH  OF  ELECTRICAL 
ENGINEERING  EDUCATION 
—A  PANEL  DISCUSSION 

Chairman:  J.  D.  Ryder,  Dean  of  Engineer¬ 
ing,  .Michigan  State  University. 
Participants: 

S.  W.  Hcrwald,  W'estinghouse  Electric 
Corp. 

H.  Poliak,  Bell  Telephone  Labs.,  Inc. 

D.  B.  Sinclair,  General  Radio  Co. 

G.  K.  Teal,  Texas  Instruments,  Inc. 

SESSION  18 
Tuesday,  .March  25 
2:50-5:00  P.M.  (WA) 

ATOMIC  CLOCKS  AND  MASERS 
A  Gas  Cell  “Atomic  Clock’’  Using  Opti¬ 
cal  Pumping  and  Optical  Detection,  by 
M.  .\rditi.  Federal  Telecommunication 
Labs.,  and  T.  R.  Carver,  Princeton  Univer¬ 
sity. 

The  .\tomichron — .Xn  .\tomic  Freqency 
Standard — Physical  Foundations,  by  A.  O. 
McCoubrey,  National  Company,  Inc. 

riie  .Xtomichron — .\n  .Xtomic  Frequency 
Standard  System  Operation  and  Perform¬ 
ance,  by  W.  A.  Mainberger,  National  Com¬ 
pany,  Inc. 

Analysis  of  the  Emissive  Phase  of  a 
Pulsed  Maser,  by  H.  H.  Theissing,  F. 
Dieter,  and  P.  J.  Caplan,  U.  S.  .Xrmy  Signal 
Engineering  Labs. 

A  Two-Cavity  Unilateral  Maser  .\mpli- 
fier,  by  Nisson  Sher,  Philco  Corp. 

SESSION  19 
Tuesday,  .March  25 
2:50-5:00  P.M.  (WA) 

BROADCAST  TRANSMISSION 
SYSTEMS  AND  COMMUNICA- 


^  High  Speed,  Versatile 
Toroid  Winders  for  Production 
^  or  Laboratory  ^ 


MODEL  T 

High  speed,  single  ring  machine  without  slider  or 
other  projection  on  the  bobbin  permits  maximum  y 
s.  production  through  relatively  small  ID's. 

Has  extra  large  wire  capacity  often 
eliminating  expensive  splices, 


MODEL  T-2  X 

Adaptation  of  Model  T 
designed  for  winding 
smaller  coils  while 
maintaining  all  the 
production  advantages. 

I  These  two  high  speed 
I  toroid  winders  supple- 
^  ment  our  complete  line  of 
winders  that  are  tailored 
to  encompass  every 
winding  production  y 
need. 


Visit  our  booth,  4426,  ot  the  Radio  Engineering  Show,  New  York  Coliseum,  March  24-27 
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CLASS  H 

SHIELDED  &  JACKETED  MINIATURE  CABLES 

MIL- W-16878 


TW/TX-24-1936  STJ  fused  Teflon  tape 
or  extruded  Teflon  insulated  stranded 
silver-plated  copper  conductor,  braided 
silver-plated  copper  shield  and  fused 
Teflon  tape  jacket  over-all. 

TW/TX-24-1936  SGS  fused  Teflon  tape 
or  extruded  Teflon  insulated  stranded 
s^^er-plated  copper  conductor,  braided 
silver-plated  copper  shield,  with  braided 
fiber  glass  Silicone  impregnated  cover¬ 
ing  over-all. 

TW/TX-24-1936  S6T  fused  Teflon  tape 
or  extruded  Teflon  insulated  stranded 
si^er-plated  copper  conductor,  braided 
si^er-plated  copper  shield,  with  Teflon 
saturated  fiber  glass  braid  over-all. 


CLASS  A 

SHIELDED  &  JACKETED  MINIATURE  CABLES 


MIL- W-16a78 


TW/TX-30-738  SV  fused  Teflon  tape  or 
extruded  Teflon  insulated  stranded  sil¬ 
ver-plated  copper  conductor,  braided  tin- 
coated  copper  shield  with  extruded 
Vinyl  jacket  over-all. 

TW/TX-30-738  SN  fused  Teflon  tape  or 
extruded  Teflon  insulated  stranded  sil¬ 
ver-plated  copper  conductor,  braided  tin- 
coated  copper  shield  with  extruded 
Nylon  jacket  over-all. 

TW/TX-30-738  SNN  fused  Teflon  tape  or 
extruded  Teflon  insulated  stranded  sil¬ 
ver-plated  copper  conductor,  braided  tin- 
coated  copper  shield  with  Nylon  fiber 
braid  Nylon  lacquered  jacket  over-all. 


Electronic  equipment  in  aircraft  and  missiles  requires  a  wide 
range  of  specialized  electrical  conductors ...  quality  conductors, 
ranging  from  enameled  magnet  wire  to  complex,  custom-designed, 
special  purpose  multi-conductor  cables  and  cable  assemblies. 


Hitemp’s  Technical  Service  Department  has  helped  designers 
solve  many  problems  and  save  many  dollars.  Consult  your  i^l 
Sales  Engineer  or  write  the  Main  Office  today. 


WIRES  INC. 


tl200  SHAMES  DRIVE,  WESTBURY,  NEW  YORK 

TCFION  -  Ou  tarn',  TrM,  HKf  to,  »Ot.VTETItAauOROCTHYl£Ne 

SEE  US  AT  THE  IRE  SHOW  BOOTH  #4424 


TIONS  SYSTEMS 

Remote  Control  of  50  KW  Transmitter, 
by  R.  N.  Harmon,  Westinghouse  Broad¬ 
casting  Co. 

Report  on  Multiplex  Experimental  Work 
at  WCAU-FM,  by  E.  ).  Meehan,  Station 
WCAU-FM. 

Field  Test  of  Compatible  Single  Side¬ 
band  at  WABC,  by  R.  M.  Morris,  Ameri¬ 
can  Broadcasting  Co. 

Improved  CSSB  Equipment  for  the 
Standard  Broadcast  Service,  by  L.  R.  Kahn^ 
Kahn  Research  Labs. 

An  Incrementally  Tuned,  Drift  Cancelled 
Communications  Receiver,  by  Saul  Fast  and 
R.  Caulk,  National  Co.,  Inc. 

Polyphase  Telephone  Carrier  System,  by 
J.  R.  Mensch,  Rome  Air  Development 
Center,  Criffiss  Air  Force  Base. 

Tele-Map,  by  Henry  Hoffman,  Jr.,  Rome 
Air  Development  Center,  Criffiss  Air  Force 
Base. 

SESSION  20 
Tuesday,  March  25 
2:30-5:00  P.M.  (WA) 

AUDIO,  AMPLIFIER  AND 
RECEIVER  DEVELOPMENTS 

Distortion  in  Audio  Phase  Inverter  and 
Driver  Systems,  by  W.  B.  Bernard,  Bureau 
of  Ships,  Navy  Dept. 

Latest  Advances  in  Extra  Fine  Groove 
Recording,  by  P.  Goldmark,  CBS  Labs. 

Design  of  a  Transistorized  Record-Play¬ 
back  Amplifier  for  Dictation  Machine  Ap¬ 
plication,  by  R.  Fleming,  The  Gray 
Manufacturing  Co. 

Single  Tuned  Transformers  for  Transistor 
Amplifiers,  by  S.  H.  Colodny,  Philco  Corp. 

Design  Considerations  for  Transistorized 
Automobile  Receivers,  by  R.  A.  Santilli, 
Radio  Corp.  of  America. 

Voltage  Sensitivity  of  Local  Oscillators, 
by  Wen  Yuan  Pan,  Radio  Corp.  of 
America. 


SESSION  21 
Tuesday,  March  25 
2:30-5:00  P.M.  (C) 

BEAM  AND  DISPLAY  TUBES 

High  Transconductance  Wideband  Tele¬ 
vision  Gun,  by  E.  Atti,  Westinghouse 
Electric  Corp. 

The  Annular  Geometry  Electron  Gun: 
A  New  Electron  Device,  by  J.  W.  Schwartz. 
RCA  Labs. 

Recent  Developments  in  Shaped  Beam 
Display  and  Recording  Techniques,  by 
R.  M.  Peterson  and  R.  C.  Ritchart,  Strom- 
berg-Carlson  Co. 

“ELF,”  A  New  Electroluminescent  Dis¬ 
play,  by  E.  A.  Sack,  Westinghouse  Electric 
Corp. 

A  Tube  that  Tells  Time,  by  W.  T. 
Eriksen  and  E.  J.  Handly,  Raytheon  Manu¬ 
facturing  Co. 

SESSION  22 
Tuesdav,  March  25 
2:30-5:00  P.M.  (C) 

BIOLOGICAL  TRANSDUCERS— 
PANEL  DISCUSSION 
Chairman:  Otto  H.  Schmitt,  Dept,  of 
Physics,  University  of  Minnesota 

SESSION  23 
Tuesday,  March  25 
2:30-5:00  P.M.  (C) 

RELIABILITY  THROUGH 
COMPONENTS 

Reliability  of  Missile  Guidance  Systems, 
by  A.  R.  Gray,  The  Martin  Co. 

Component  Part  Failure  Rate  Analysis 
for  Prediction  of  Equipment  Reliability,  by 
R.  L.  Vander  Hamm,  Collins  Radio  Co. 

A  Progress  Report  on  the  ARMA  Inertial 
Guidance  System  Reliability  Program,  by 
E.  F.  Dertinger,  American  Bosch  Arma 
Corp. 

An  Impulse  Test  for  Evaluating  the  Vi- 
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VICTOREEN  Announces 


R  DIODE 


This  reliable,  rugged,  micro-miniature  tube  has  an  extremely 
high  input  resistance  before  a  critical  voltage  is  reached,  at  which 
time  the  tube  breaks  down  and  becomes  a  very  low  resistance. 


J 

Itt 

a 

0 

s 

TAA-113 

Nominal  Firing  Voltage 

113  V 

Leakage  Resistance  (9SV) 

5  X  10*®  ohms 

Acceleration 

20,000  G 

Vibration 

'  10-55  cycles  at  .06  D.A. 

Operating  Temperature 

-65*  to  lAO'F 

Energy  Transfer 

3000  ergs 

brational  Characteristics  of  Receiving  Tubes 
Over  a  Wide  Frequency-Range,  by  S.  A. 
Jolly  and  W.  U.  Shiplev,  General  Electric 
Co. 

Reliability  of  Power  Amplifier  Klystrons 
in  Tropo-Scatter  Communication  Systems, 
by  R.  F.  Lazzarini  and  H.  A.  Bailey,  Eitel- 
McCullough,  Inc. 

SESSION  24 
Tuesday,  March  25 
8:00-10:30  P.M.  (WA) 
ELECTRONICS  IN  SPACE— 

A  PANEL  DISCUSSION 
Chairman:  L.  DuBridge,  President  Cali¬ 
fornia  Institute  of  Technology 
Propulsion  and  Interplanetary  Travel,  by 
Wernher  von  Braun  and  Ernest  Stuhlinger, 
U.  S.  Army  Ballistic  Missile  Agency,"  and 
Krafft  A.  Ehricke,  Convair  Astronautics 
Division. 

Navigation  and  Control,  by  C.  Stark 
Draper,  MIT. 

Man  in  the  Space  Environment,  by  D.  G. 
Simons,  US.\F,  Holloman  Air  Force  Base. 

Communications  and  Telemetering,  by 
J.  B.  W’iesner,  MIT. 

Terminal  Environment,  by  Fred  L. 
Whipple,  Smithsonian  Astrophysical  Ob¬ 
servatory. 

A  Prelude  to  Space  Travel — The  round 
table  panel  of  eight  scientists  will  discuss 
informally  the  major  problems  to  be  en¬ 
countered,  including  the  use  of  electronics 
for  propulsion,  navigation,  communications, 
telemetering  and  instrumentation. 

SESSION  25 
Tuesday,  March  25 
8:00-10:'30  P.M.  (C) 

ELECTRONICS  SYSTEMS  IN 
INDUSTRY— A  PANEL 
SYMPOSIUM 

Chairman:  J.  D.  Ryder,  Dean,  College  of 
Engineering,  Michigan  State  University 
Participants: 

J.  M.  Bridges,  Office  of  the  Assistant 
Secretary  of  Defense  (Research  ‘  and  En¬ 
gineering. 

C.  C.  Hurd,  International  Business  Ma¬ 
chines  Corp. 

T.  R.  Jones,  Daystrom,  Inc. 

J.  D.  Ryder,  Michigan  State  University. 
The  great  impact  which  electronics  had 
on  American  industry  will  be  highlighted 
at  this  panel  symposium. 

J.  D.  Ryder  will  act  as  Chairman  and 
open  the  symposium  with  a  paper  on 
"New  Trends  in  Engineering  Education.” 
The  emphasis  in  Dean  Ryder’s  talk  will 
be  on  strengthening  the  requirements  in 
fundamental  sciences,  without  which  nei¬ 
ther  the  demands  of  industry  nor  those 
of  our  defense  establishments  can  be  satis- 
6ed. 

C.  C.  Hurd  will  discuss  new  ideas  which 
found  their  entry  in  industry  in  connection 
with  fully  automatic  processes. 

T.  R.  Jones  will  speak  about  organiza¬ 
tion  of  complete  electronic  systems,  utiliz¬ 
ing  the  resources  of  several  integrated  or¬ 
ganizations. 

J.  M.  Bridges  will  highlight  the  military 
aspects  associated  with  electronic  systems 
engineering  and  their  relationship  to  the 
electronic  engineering  professional  society. 

SESSION  26 
Wednesday,  March  26 
10:00  A.M.-12:30  P.M.  (WA) 

AERONAUTICAL  AND 

Navigational  electronics 

Airborne  Dual  Antenna  System  for  Aerial 
Navigation,  by  W.  M.  Spanos  and  J.  M. 
Ashbrook,  Federal  Telecommunication  Labs. 

Engineering  Evaluation  of  an  Automatic 
Ground  Controlled  Approach  System  (AN/ 


Victoreen’s  new  cold  cathode 
gas  trigger  diode  is  ideal  for  use 
where  weight,  space  and  high  G 
considerations  are  involved.  It 
can  be  used  for  isolation  pur¬ 
poses,  electronic  switching,  RC 
timing  circuits,  or  relaxation 


oscillators. 

Victoreen  micro-miniature 
diodes  are  available  now  and 
can  be  supplied  with  a  variety 
of  different  characteristics. 
Full  details  are  available  on 
request.  aa-tow 


Victoreen’s  new  micro-miniature  cold  cathode  gas  trigger  diode 


on  display  for  the  first  time  at  the 
IRE  SHOW  BOOTH  2232 

The  Victoreen  Instrument  Company 

Components  Division 

5806  Hough  Avonuo  •  Clevelamf  3,  Ohio 
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laminated  Contact  Materials 


DUSTRIAL  DIVISION 


LEACH  &  GARNER  CO 


Precision 
products  of 
precious 

include  slip  rings, 
micro  brushes,  con-^^^^W^^H 
tact  rivets,  buttons, 
spring  contacts  and^BMHni 
bar  contacts.  1— 

Complete  engineering  mMjW 
and  tooling  facilities^BH 
for  custom  manufactur-^B 
ing.  Prompt  quotations^ 
and  recommendations 


INDUSTRIAL  DIVISION 

GENERAL  FINDINGS 

AND 

SUPPLY  COMPANY 


Electronic  and  Electrical  Components 


We  build  our  business  on  prompt  deliveries  at  c 
SALES  OFFICES 

NEW  YORK  •  ATTLEBORO,  MASS.  •  CHICAGO 


LOS  ANGELES 


MSN-3),  by  R.  M.  Brooks  and  W.  F. 
Hoy,  Rome  Air  Development  Center, 
Criffiss  Air  Force  Base. 

A  Quantitative  Analysis  of  Automatic  Tar> 
get  Detection-Position  Estimation  Schemes 
Observing  Scintillating  Targets  in  Noise, 
by  C.  M.  Walter,  Air  Force  Cambridge 
Research  Center. 

Applying  the  Amplitron  and  Stabilotron 
to  MTI  Radar  Systems,  by  T.  A.  Weil, 
Raytheon  Mfg.  Co. 

Transistorizi^  Airborne  Frequency  Stand¬ 
ard,  by  C.  R.  Hykes,  Collins  Radio  Co. 

SESSION  27 
Wednesday,  March  26 
10:00  A.M.-12:30  P.M.  (WA) 

STATISTICAL  APPLICATIONS 

Frequencs’-Domain  Statistical  Model  of 
Linear  Variable  Networks  for  Finite  Oper¬ 
ating  Time,  by  G.  W.  Johnson,  IBM. 

The  Root  Square  Locus  Plot — A  Geo¬ 
metrical  Method  for  Synthesizing  Optimum 
Servo  Systems,  by  S.  S.  L.  Chang,  New 
York  University. 

TV  Bandwidth  Reduction  by  Digital 
Coding,  by  W.  F.  Schreiber  and  C.  F. 
Knapp,  Technicolor  Corp. 

Subjective  Experiments  in  Visual  Com¬ 
munication,  by  R.  E.  Graham,  Bell  Tele¬ 
phone  Labs.,  Inc. 

Demonstration  of  Some  Visual  Effects 
of  Using  Frame  Storage  in  Television 
Transmission,  by  M.  W.  Baldwin,  Jr.,  Bell 
Telephone  Labs.,  Inc. 

SESSION  28 
Wednesday,  March  26 
10:00  A.M.-12:T0  P.M.  (WA) 

ELECTRONIC  COMPONENT 
PARTS 

Development  of  Electronic  Components 
for  the  Nuclear  Radiation  Environment, 
by  J.  W.  Clark,  Hughes  Aircraft  Co. 

Design  of  Shielded  Air-Cored  Inductors, 
by  R.  O.  Schildknecht,  Federal  Telecom¬ 
munication  Labs. 

Ceramic  Coating  Applications  in  the 
Electrical  Field,  by  P.  Huppert,  Gulton 
Industries,  Inc. 

The  Components  Engineer  and  The 
Sales  Engineer,  Partners  in  Reliability,  by 
P.  C.  Knox,  Lutherville,  Md. 

Miniature  Ruggedized  Precision  Meters, 
by  J.  F.  Faughnan  and  R.  E.  Loiselle, 
Signal  Corps  Engineering  Labs. 

SESSION  29 
Wednesday,  March  26 
10:00  A.M.-12:30  P.M.  (WA) 

CIRCUIT  THEORY  I  AND  ULTRA¬ 
SONICS  I:  SYMPOSIUM  ON 
“MODERN  ASPECTS  OF 
DELAY  LINES” 

Low-Dispersion  Wired  Delay  Lines,  by 
M.  J.  DiToro,  Polytechnic  Research  & 
Dev.  Co. 

Electrical  Design  of  the  Transducer  Net¬ 
works  of  a  Magnetostrictive  Delay  Line, 
by  L.  Rosenberg  and  A.  Rothbart,  Federal 
Telecommunication  Labs. 

The  Approximation  Problem  in  Lumped 
Delay  Line,  by  A.  Papoulis,  Polytechnic 
Institute  of  Brooklyn. 

Coiled  Wire  Torsional  Wave  Delay  Line, 
by  R.  N.  Thurston  and  L.  M.  Tomillo, 
Bell  Telephone  Labs.,  Inc. 

Variable  Delay  Line  Using  Ultrasonic 
Surface  Waves,  by  J.  D.  Ross,  S.  J.  Kap- 
uscienski  and  K.  B.  Daniels,  E.  I.  duPont 
deNemours  &  Co. 

SESSION  30 
Wednesday,  March  26 
10:00  A.M.-12:00  NOON  (WA) 

THE  CANADIAN  AUTOMATION 
SYSTEM  OF  POSTAL 
OPERATIONS 

The  Canadian  Automation  System  of 
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Postal  Operations,  by  M.  Levy,  Canada 
Post  Office  Dept. 

Organization  of  the  Electronic  Com¬ 
puter  for  the  Canadian  Electronic  Mail 
Sorting  System,  by  A.  Barszczewski,  Canada 
Post  Office  Dept. 

Coding  and  Error  Checking  in  the  Ca¬ 
nadian  System,  by  M.  Levy  and  V.  Czomy, 
Canada  Post  Office  Dept. 

The  Canadian  Automation  System  of 
Postal  Operations,  by  H.  Jensen  and  K.  H. 
Ullyatt.  Canada  Post  Office  Dept. 


SESSION  31 
Wednesday,  March  26 
10:00  A.M.-12:30  P.M.  (C) 

RADAR  IN  MILITARY 
ELECTRONICS 

Automatic  and  Continuous  Radar  Per¬ 
formance  Monitor,  by  W.  C.  Woods, 
Sperry  Gyroscope  Co. 

Analysis  and  Theoretical  Investigation  of 
New  Military  Electronic  Missile  and  Air¬ 
craft-Borne  Equipment,  by  D.  Ehrenpreis, 
New  York,  N.  Y. 

Packaged  High  Power  Radar  Transceiv¬ 
ers,  by  H.  N.  C.  Ellis-Robinson,  Marconi’s 
W'ireless  Telegraph  Co.,  Ltd. 

Limitations  of  the  Output  Pulse  Shape 
of  High  Power  Pulse  Transformers,  by 
R.  G.  deBuda  and  J.  Vilcans,  Canadian 
General  Electric  Co.,  Ltd. 

A  Radar  Electronic  Countermeasures 
Simulator,  by  L.  Stemlicht,  Tbe  Halli- 
crafters  Co. 


Magnetic 

Power 

Amplifiers 

Airpax  magnetic  power 
amplifiers  control  the 
current  to  both  phases 
of  split-phase  motors. 
Standby  power  is  thus 
greatly  reduced  and  full 
torque  is  produced 
under  load.  Amplifiers 
are  polarity  sensitive. 
Airpax  units  for  6  or  10 
watts  per  phase  for  400- 
CPS  motors  are  in  stock 
at  the  Seminole  Divi¬ 
sion,  Fort  Lauderdale, 
Florida. 


SESSION  32 
Wednesday,  March  26 
10:00  A.M.-12:30  P.M.  (C) 

MICROWAVE  MEASUREMENT 

Power  Limiting  Using  Ferrites,  by  R.  F. 
Soohoo,  Caseade  Research  Corp. 

An  Ultra-Precise  Microwave  Interferom¬ 
eter,  by  G.  R.  Blair,  McMillan  Laboratorv, 
Inc. 

Direct  Reading  Microwave  Phase  Meter, 
by  H.  A.  Dropkin,  Diamond  Ordnance 
Fuze  Labs. 

\  .Microwave  Spin  Resonance  Spectrom¬ 
eter,  by  R.  R.  Unterberger,  California  Re¬ 
search  Corp. 

A  New  Microwave  Rotary  Joint,  by 
W.  E.  Fromm,  E.  G.  Fubini,  and  H.  S. 
Keen,  Airborne  Instruments  Laboratory, 
Inc. 


Choppers 

Noise  levels,  especially 
in  low-impedance  cir¬ 
cuits,  of  these  new 
choppers  are  below  10 
microvolts.  This  is  RMS 
wide-band  noise  extend¬ 
ing  from  a  few  CPS  up 
to  40  KC;  still  lower 
noise  levels  can  be 
achieved  in  particular 
application  by  filtering. 
In  usual  application, 
these  low-noise  Airpax 
choppers  can  be  ex¬ 
pected  to  remain  wit^ 
ratings  for  over  5,000 
hours  use.  These  chojh 
pers  ar®  manufactured 
at  the  Cambridge  Divi¬ 
sion,  Cambridge,  Mary- 


SESSION  33 
Wednesday,  March  26 
10:00  A.M.-12:30  P.M.  (C) 

SEMICONDUCTOR  DEVICES 

A  New  Passive  Semiconductor  Compo¬ 
nent,  by  R.  M.  Warner,  Jr.,  Bell  Tele¬ 
phone  Labs.,  Inc. 

Use  of  the  RCA  2N384  Drift  Transistor 
as  a  Linear  Amplifier,  by  D.  M.  Griswold 
and  V.  J.  Cadra,  Radio  Corporation  of 
America. 

High  Cunent  Switching  Times  for  a 
PNP  Drift  Transistor.  Numerical  Analysis 
on  the  I.  B.  M.  704  Digital  Computer,  by 
A.  Mitehell,  International  Business  Ma¬ 
chines  Corp.,  and  L.  Lapidus,  Princeton 
University. 

A  New  High-Frequency  Diffused  Base 
Transistor,  by  J.  Sardella  and  R.  Wonson, 
Raytheon  Manufacturing  Co. 

A  New  Five  Watt,  Class  A,  Power  Am¬ 
plifier,  by  G.  Freedman,  J.  Williams,  P. 
Flaherty,  D.  Root,  D.  Spittlehousc,  W. 
'Taring,  P.  Kaufinann,  P.  \\'horiskey,  Ray¬ 
theon  Manufacturing  Co. 


SESSION  34 
Wednesday,  March  26 
2:30-5:00  P.M.  (WA) 

RELIABILITY  THROUGH 
SYSTEMS 
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NORMAL  CURRENT  SURGE  -NO  THERMISTOR 


TIME 

SURGE  SUPPRESSED  BY  THERMISTOR 


SEMI¬ 

CONDUCTORS 


The  MiCRO-MATiC 
precision  watering 
machine-fully  automatic 
model-WMA 


SLICES 

to  extremely 
close  tolerances 


crystalline  materials 


ON  FULLY  AUTOMATIC 
PRODUCTION  MODELS 

Write  for  descriptive 
literature 


MICROMECH 

MANUFACTURING  CO. 

102C  Commerce  Ave.  •  Union,  N.  J. 
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On  an  Analytical  Design  Technique,  by 
J.  B.  Heync,  Hughes  Aircraft  Co. 

Reliability  or  Life  Performance,  by  A.  R. 
Matthews,  W’right  Air  Deselopnient  Cen¬ 
ter,  ARDC. 

Reliability  Improvement  Through  Re¬ 
dundancy  at  Various  System  Levels,  by 
B.  J.  Flehinger,  IBM  \\’atson  Lab. 

Fundamental  Techniques  in  Doppler  Ra¬ 
dar  Navigation  System  Reliabilits'  Measure¬ 
ments,  by  P.  D.  Stahl,  General  Precision 
Lab.,  Inc. 

Reliability  Prediction  and  Test  Results 
on  USAF  Ground  Electronic  Equipment, 
by  E.  Krzysiak  and  J.  Naresky,  Rome  Air 
Development  Center,  ARDC,  Griffiss  Air 
Force  Base. 


SESSION  35 
Wednesday-,  March  26 
2:30-5:00  P.M.  (WA) 
INFORMATION  THRORY: 
CODING  AND  DETECTION 

On  Communication  Processes  Involving 
Learning  and  Random  Duration,  by  R. 
Bellman  and  R.  Kalaba,  The  Rand  Corp. 

The  Application  of  “Comparison  of  Ex¬ 
periments”  to  Detection  Problems,  by  N. 
Abramson,  Electronics  Research  Lab.,  Stan¬ 
ford  University. 

Signals  with  Uniform  Ambiguity-  Func¬ 
tions,  by  R.  M.  Lemer,  MIT,  Lincoln  Lab. 

Evaluation  of  Some  Error  Correction 
Methods  Applicable  to  Digital  Data  Trans¬ 
mission,  by  A.  B.  Brown  and  S.  T.  Meyers, 
Bell  Telephone  Labs.,  Inc. 

Algebraic  Decoding  for  the  Binary  Era¬ 
sure  Channel,  by  M.  A.  Epstein,  Lincoln 
Lab.,  MIT. 


SESSION  36 
Wednesday-,  March  26 
2:30-5:00  P.M.  (WA) 

ELECTRONIC  COMPONENT 
PARTS 

Effect  of  High  Intensity  Radiation  on 
Electronic  Parts  and  Materials,  by  C.  P. 
Lascaro  and  A.  L.  Long,  U.  S.  Army  Sig¬ 
nal  Corps  Engineering  Labs. 

Some  Guideposts  to  the  Use  of  Metal¬ 
lized  Capacitors,  by  W'.  C.  Lamphier, 
Sprague  Electric  Co. 

New  .\mplifiers  Tor  .\utomatic  Control 
of  Active  D-C  Loads,  by  E.  Levi,  Micro- 
wave  Research  Institute. 

Magnetostriction  Transducers  for  Me¬ 
chanical  Filters,  by  R.  L.  Sharma  and 
H.  O.  Ixwis,  Collins  Radio  Co. 

Application  of  Piezoelectric  Ceramic  Res¬ 
onators  to  Modern  Band  Pass  Amplifiers, 
by  A.  Lungo  and  K.  W.  Henderson,  Clevite 
Corp. 


SESSION  37 
W'ednesdav,  March  26 
2:30-5:00  P.M.  (WA) 

COMPUTERS  AND  CONTROL 

A  Preventive  Maintenance  Program  for 
Large  General  Purpose  Electronic  Analog 
Computers,  by  R.  P.  Sykes,  The  Ramo- 
Wooldridgc  Corp. 

The  TRICE — A  High  Speed  Incre¬ 
mental  Computer,  by  S.  Ruhman  and 
J.  M.  -Mitchell,  Packard-Bell  Computer 
Corp. 

Digital  Moon  Radar  Antenna  Program¬ 
mer  w'ith  .\nalog  Interpolator  Servo,  by 
O.  A.  Guzmann,  U.  S.  .-Lrmy  Signal  Corps 
Engineering  Labs. 

A  Balanced  Precision  Reference  Regu¬ 
lator  for  Computer  Application,  by  D.  A. 
Noden,  The  Martin  Co. 

A  Solid  State  .\nalog-to-Digital  Conver¬ 
sion  Dey-ice,  by  M.  Palevsky,  Packard-Bell 
Computer  Corp. 

J-Axis  Translation  of  Transfer  Functions, 


THERMISTORS 


SUPPRESS  INITIAL 
SURGE  CURRENTS... 


PROTECT  FILAMENTS 

Application  of  voltage  to  tubes  in  re¬ 
ceivers,  transmitters,  computers,  and 
other  electronic  equipment  subjects 
their  filaments  to  initial  current  surges 
(top  oscillogram). 

These  surges  cause  premature  fail¬ 
ure  or  unsatisfactory  service  life.  Bot¬ 
tom  oscillogram  shoyvs  how  a  G-E 
thermistor  can  suppress  the  surge 
and  protect  the  tube  filaments. 

The  thermistor  has  a  large  negative 
temperature  coefficient  of  resistance. 
The  high  resistance  holds  surge  cur¬ 
rent  to  a  low  value  during  initial 
application  of  voltage.  As  the  cold  fila¬ 
ment  gradually  heats  up  —  raising  its 
resistance  to  normal  level  —  the  ther¬ 
mistor’s  resistance  lowers  to  a  negli¬ 
gible  value,  permitting  full  current  to 
flow  after  a  brief  period. 

G-E  thermistors  can  also  be  used 
to  prevent  surges  from  operating  re¬ 
lays,  or  disturbing  sensitive  apparatus. 

,  They  can  provide  time  delay,  control 
warning  circuits,  sequence  switching. 

For  more  information,  or  thermistor 
test  kits,  write:  Magnetic  Materials 
Section,  General  Electric  Company, 
7806  N.  Neff  Road,  Edmore,  Michigan, 

THERMISTOR  TEST  KITS 
$12.50  aach 
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by  J.  L.  Ryerson,  Rome  Air  Development 
Center,  Griffiss  Air  Force  Base. 

SESSION  38 
Wednesday,  March  26 
2:30-5;0()  P.M.  (C) 
DfSTRUMENTATION  SYSTEMS 
An  Earth  Satellite  Instrumentation  for 
Cloud  Measurement,  by  R.  Ilanel  and 
R.  A.  Stampfl,  U.  S.  Army  Signal  Engi¬ 
neering  Labs. 

A  Precise  Optical  and  Radar  Tracking 
Range,  by  E.  V.  Kullman,  Rome  Air  De¬ 
velopment  Center  (RCEMI). 

A  High  Speed  Radar  Signal  Measure¬ 
ment  and  Recording  System,  by  A.  Niren- 
berg  and  R.  Burfiend,  Airborne  Instruments 
Lab.,  Inc.;  M.  Ballcr,  Cambridge  Research 
Dev.  Center,  and  A.  Wight,  Laboratory 
for  Electronics,  Inc. 

A  High  Performance  Multi-Channel  In¬ 
strumentation  System,  by  W.  G.  Wolber, 
Bendix  Aviation  Corp. 

Instrumentation  Dynamically  Analyzed 
for  Optimum  Reliability,  Weight  and  Geo¬ 
metric  Space  Envelope  Subjected  to  Severe 
Vibrations  and  Shock,  by  David  Ehrenpreis, 
New  York,  N.  Y. 

SESSION  39 
Wednesday,  March  26 
2:30-5:00  P.M.  (C) 
MICROWAVE  COMPONENTS 
Yttrium  Carnet  UHF  Isolator  and  Re¬ 
ciprocal  Phase  Shifter,  by  F.  R.  Morgen- 
tMer,  USAF  and  D.  L.  Fye,  .\ir  Force 
Cambridge  Research  Center. 

High  Power,  Broadband,  Microwave  Gas 
Discharge  Switch  Tube,  by  S.  J.  Tetenbaum 
and  R.  M.  Hill,  Sylvania  Electric  Products 
Inc. 

High  Power  Microwave  Filters,  by  J.  H. 
Vogelman,  Rome  Air  Development  Center. 

A  Band  Separation  Filter  for  the  225-400 
MCS  Band,  W  A.  1.  Crayzel,  Lincoln  Lab¬ 
oratory,  MIT. 

Direct-Coupled,  Band-Pass  Filters  with 
X/4  Resonators,  by  G.  L.  Matthaei,  The 
Ramo-Wooldridge  Corp. 

SESSION  40 
Wednesday,  March  26 
2:30-5:00'  P.M.  (C) 

PROPAGATION  AND  ANTENNAS 
I— GENERAL 

Extreme  Useful  Range  of  VHF  Trans¬ 
mission  by  Scattering  From  the  Lower 
Ionosphere,  by  R.  C.  Kirby,  National  Bu¬ 
reau  of  Standards. 

Meteor  Trail  Propagation,  by  J.  T.  de- 
Bettencourt  and  Albert  Ward,  Pickard  & 
Bums;  and  Bernard  Goldberg,  U.  S.  Army 
Signal  Engineering  Labs. 

The  Duty  Cycle  .\ssociated  with  For¬ 
ward-Scatter^  Echoes  from  Meteor  Trails, 
b\’  H.  J.  Wirth  and  T.  J.  Kcary,  U.  S.  Navy 
Electronics  Lab. 

A  New  Low  Frequency  Antenna,  by 
E.  W.  Seeley  and  J.  D.  Bums,  U.  S.  Naval 
Ordnance  Lab. 

Logarithmically  Periodic  Antenna  De¬ 
signs,  by  R.  H.  DuHamel  and  F.  R.  Ore, 
Collins  Radio  Co. 

Phase  Center  of  Helical  Beam  Antennas, 
by  Seymour  Sander,  RCA;  and  D.  K. 
Cheng,  Syraeuse  University. 

SESSION  41 
Thursday,  March  27 
10:00  A.M.-12:30  P.M.  (WA) 

magnetics  and  computers 

A  High  Speed  n-pole,  n-position  Mag¬ 
netic  Core  Matrix  Switch,  by  A.  L.  Lane 
*nd  A.  Turezyn,  Technitrol  Engineering 
C«. 

Aperlurcd  Plate  Memory:  Operation  and 
Analysis,  by  W.  J.  Haneman  and  J.  Leh- 
niann,  RCA  Labs;  and  C.  S.  Warren,  RCA, 
Defense  Electronic  Products. 

Molecular  Storage  and  Read-Out  with 


MORE 

INSTRUMENTS 


TECHNITROL 


Pulse  repetition  rate . 10  cps  to  5  me 

Pulse  duration . 0.1  n  sec  to  5.0  fi  sec;  in  0.1  fi  sec  steps 

Rise  time . at  40  volts  out,  0.04  fi  sec;  at  20  volts  out,  0.02  /i  sec 

Fall  time . at  40  volts  out,  0.05  ft  sec;  at  20  volts  out,  0.04  fi  sec 

Output  amplitude . 2  to  40  volts  across  1000  ohms,  continuously  variable 

Output  impedance . 100  ohms  in  series  with  0.5  mfd 

Trigger  output: 

precedes  output  pulse  by  0.1  n  sec  from  1000-ohm  source,  10  volts,  0.15  ft  sec 
Rack  mounting . . . high,  19"  wide,  10"  deep 


Frequency  range; 

100  cps  to  5  mc/s  in  7  bands,  continuously  variable  tuning  across  each  band 
Waveform : 

Essentially  square  except  above  1  me.  Above  1  me,  it  becomes  essentially  sinusoidal 
Output  voltage: 

0  to  10  volts  peak-to-peak  across  1000  ohms  (cathode  follower  output  stage) 

Power  requirements . 105-125  volts,  60  cycle  AC,  25  watts 

Rack  mounting . 316"  high,  19"  wide,  8'4"  deep 

DESIGNED  AND 

,Y 


HANUFAHUBERS  OF  PULSE  TRANSFORMERS,  DEUY  LINES 
AND  ELEHRONIC  TEST  EQUIPMENT 


Visit  our  IRE  Booth  #3120 


CIRCLE  244  READERS  SERVICE  CARD 


irina  edition 


METAL  PRODUCTS  CORP 


Today’s  requirements  call 
for  miniaturization. 


Microwaves,  by  C.  H.  Becker,  R.  L.  Pierce 
and  J.  R.  Martin,  Trionics  Corp.  P.  O. 
Box  548,  Madison  1,  W'isc. 

Calculation  of  Flux  Patterns  in  Ferrite 
Multipath  Core  Structures,  by  S.  A.  Abbas 
and  D.  L.  Critchlow,  IBM. 

Logic  by  Ordered  Flux  Changes  in  Multi- 
path  Ferrite  Cores,  bv  N.  F.  Lockhart, 
IBM. 

Flux  Responsive  Magnetic  Heads  for  Low 
Speed  Read-Dut  of  Data,  by  L.  M’.  Ferbcr, 
Clevitc  Corp. 

SESSION  42 
Thundav,  March  27 
10:00  A.M.-i2:30  P.M.  (\VA) 
CIRCUIT  THEORY  II— UNUSUAL 
ASPECTS  OF  FILTER  DESIGN 
Multichannel-Filter  Synthesis  in  Terms 
of  Dipole  Potential  Analog,  by  H,  A. 
Wheeler,  W'heeler  Labs. 

Minimum  Insertion  Loss  Filters,  by 
E.  G.  Fubini,  Airborne  Instruments  Lab., 
Inc.,  and  E.  .\.  Guillemin,  MIT. 

A  New  .\pproach  to  the  Design  of  High 
Frequency  Crystal  Filters,  by  R.  A.  Sykes, 
Bell  Telephone  Labs.,  Inc. 

Synthesis  of  Active  RC  Single-tuned 
Bandpass  Filters,  by  J.  J.  Bongiorno,  Micro- 
wave  Research  Inst. 

A  New  Class  of  Filters,  by  A.  Papoulis, 
Polytechnic  Institute  of  Brooklyn. 

SESSION  43 
Thursday,  March  27 
10:00  A.M.-12:30  P.M.  (WA) 
ULTRASONICS  II— DELAY  LINE 
MEASUREMENTS 
Measurements  of  Delay  in  Ultrasonic 
Systems,  by  D.  L.  Arenberg,  Arenberg  Ul¬ 
trasonic  Laboratory,  Inc. 

Precise  Measurement  of  Time  Delay,  by 
}.  E.  May,  Jr.,  Bell  Telephone  Labs.,  Inc. 

The  Measurement  of  Delay-Line  Trans¬ 
ducer  Resistance,  by  J.  J.  G.  McCue,  Lin¬ 
coln  Lab.,  MIT,  and  ).  Leavitt,  Harvard 
University. 

Ultrasonic-Delay-Line  Terminating  Cir¬ 
cuits  and  Passband  Measurements,  by  M. 
.\xelbank,  Lincoln  Lab.,  MIT. 

Measurement  of  Temperature  and  Fre¬ 
quency  Dependence  of  Insertion  Loss  in 
Delay  Lines,  by  A.  H.  Meitzler,  Bell  Tele¬ 
phone  Laboratories,  Inc. 

The  Measurement  of  the  Total  Spurious 
Responses  of  an  Ultrasonic  Delay  Line,  by 

M.  S.  Zimmerman,  General  Atronics  Corp. 

SESSION  44 
Thursday,  March  27 
10:00  A.M.-r2:30  P.M.  (WA) 
INDUSTRIAL  ELECTRONICS 
Distributor  Test  Stand,  by  J.  A.  Lovell, 
Airborne  Instruments  Lab.,  Inc. 

A  Digital  Setting  System  for  an  X-Ray 
Thickness  Gage,  by  V.  A.  Blumhagen.  Gen¬ 
eral  Electric  Co. 

Application  of  Magnetic  Core  Logic 
to  Industrial  Controls,  by  H.  Tellefson 
and  S.  .\lessio,  Panellit,  Inc. 

A  Coordinated  System  of  .\utomatic 
Controls,  bv  R.  R.  Batcher,  Douglaston. 

N.  Y. 

SESSION  45 
Thursdav,  March  27 
10:00  A.M.-12:00  Noon  (\\\\) 
ASPECTS  OF  RF  INTERFERENCE 
IN  MILITARY  ELECTRONIC  AND 
COMMUNICATIONS  SYSTEMS 
Treatment  and  Methods  for  the  Reduc¬ 
tion  of  Pulse  and  Random  Interference, 
by  P.  .\l.  Creutz,  Packard-Bell  Electronics 
Corp. 

Reduction  of  Bandwidth  Requirements 
for  Radio  Relay  Systems,  by  D.  L.  Jacoby 
and  R.  11.  Levine,  U.  S.  Army  Signal  En¬ 
gineering  Labs.,  and  .\1fred  Mack  and  .Man 
Nleyerhoff,  Radio  Corporation  of  America. 
Analysis  of  the  Spectral  Shape  of  Mod- 


''COLOR 

and  MonodiroiM 
DCtoSMCLABRTV 

S''  osauoscoPE 


•  Futns  DC  Anpitfiers! 


Flat  from  DC-4.B  me,  unible  to  10  me. 
TBBT.  AMFX..:  aena.  26  rma  mv/ln;  input  Z  2 
mesa;  direet-eoupled  A  puah-pull  thnont; 
K-follower  couplinc  bet.  atavo*:  4-atep  freq- 
compenaated  attenuator  up  to  1000:1. 
SWBBP:  perfeetly  linear  10  epa-100  he 
cap.  for  range  to  1  epa) ;  pre-aot  TV  V  •  H 
poattlona  auto.  aync.  ampl.  &  lim.  FLiUBt 
direct  or  cap.  coupling ;  bal.  or  unbal.  Inputa; 
edge-lit  engraved  Incite  graph  acreen;  dim¬ 
mer:  niter;  bezel  nta  atd.  photo  equipt.  High 
intenalty  trace  CRT.  0.06  uaec  rlae  time.  Puah- 
pull  hor.  ampl.,  Hat  to  400  he,  aena.  0.6  rma 
mv/in.  Built-In  volt,  callb.  Z-axla  mod.  Saw¬ 
tooth  &  60  epa  outputa.  Aatig.  control.  Re¬ 
trace  blanking.  Phaalng  control. 


Bntirely  electroale  aweep  circuit  (no  mech¬ 
anical  devlcea)  with  accurately-blaaed  la- 
crednetor  (or  excellent  linearity.  Bxtremely 
Bat  RF  output;  new  AOC  clrenlt  automatic¬ 
ally  adjuata  oac.  for  max.  output  on  each  band 
with  min.  ampl.  varlatlona  Bxceptlonal  tun¬ 
ing  accuracy:  edge-lit  halrlinea  eliminate 
parallax.  8wmt  4mm:.  Bange  2-216  me  In  6 
nind.  banda.  Variable  Marker  Bange  2-76  me 
In  8  fund,  banda;  60-225  me  on  harmonic 
band.  4A  me  Xtal  Marker  Oac.,  gtal  anppUed. 
Ext.  Marker  provision.  Sweep  Width  0-2  me 
lowest  max.  deviation  to  0-20  me  highest  max. 
dev.  2-way  blanking.  Narrow  range  phasing. 
Attenuators:  Marker  Size,  RF  Fine.  RF  Coarse 
(4-stpp  decade).  Cables:  output,  'scope  horlz., 
scope  vertical. 


Unit  engineered  to  fit  all  avail¬ 
able  sub-miniature  cables, 
AUTOMATIC'S  Sub-Miniature 
Connectors  are  available  in  three 
types;  BAYONET,  PUSH-ON  AND 
THREADED  COUPLING. 


Special  receptacles  available  for 
printed  circuit  applications. 

CHECK  THESE  FEATURES: 

No  special  tools  required  for  as¬ 
sembly.  Foolproof  clamping  insures 
accurate  alignment  .  .  .  positive 
contact  .  .  .  extra  strong  grip.  Ex¬ 
clusive  internal-parts  design  allows 
outside  dimensions  of  connectors  to 
remain  constant  regardless  of  cable 
dimensions. 

For  BAYONET,  PUSH-ON  and 
THREADED  SUB-MINIATURE  and 
MICRO-MINIATURE  COAXIAL 
CABLE  CONNECTORS,  always 
specify  AUTOMATIC.  Our  engi¬ 
neers  are  always  ready  to  dis¬ 
cuss  your  special  requirements. 

Write,  wire  or  phone  for  free 
technical  information. 


.  coHDoaum 

}  Tube& 
Transistor  Tester 


8PBBD.  ease,  unexcelled  accuracy  A  thor¬ 
oughness.  Tests  all  receiving  tubes  (and 
picture  tubes  with  adapter).  Composite  Indi¬ 
cation  of  Om,  Op  A  peak  emission.  8lmolta- 
neons  sel  of  any  1  of  4  combinations  of  2  plate 
voltages,  2  acreen  voltages.  2  ranges  of  con¬ 
tinuously  variable  grid  voltage  (with  6%  ac¬ 
curate  pot).  New  series-string  voltages:  for 
600,  460,  200  ma  tyi>es.  8enBltive  200  ua 
meter.  5  ranges  meter  senaiatlvity  (1%  shunts 
A  6%  pot.)  10  8IX-posltlon  lever  switches: 
free  point  connection  of  each  tube  pin.  10 
push-buttons  rapid  insert  of  any  tube  ele¬ 
ment  In  leakage  test  circuit  A  speedy  sel.  of 
Individual  sections  of  multi-section  tubes  In 
merit  tests.  Direct-reading  of  inter-element 
leakage  In  ohms.  New  gesvr-driven  rollchart. 
Checks  n-p-n  A  p-n-p  transistors:  separate 
meter  readings  of  collector  leakage  current 
A  Beta  using  internal  dc  power  supply.  CRA 
Adapter  f4.M 


See  theSO  EKX)  modeb  IN 
STOCM.  at  your  neq^bor-  Prices  5% 
hood  dhtributor.  Write  fot  higher  on 
B.8  West  Coast 

33-00  NORTHERN  BLVD., 
LONG  ISLAND  CITY  I,  N.  Y. 
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ulation  Splatter,  by  R.  Price,  Lincoln  Lab¬ 
oratory,  MIT. 

Near-Zone  Power  Transmission  Fonnulas, 
by  Ming-Kuei  Hu,  Syracuse  University. 

SESSION  46 
Thursday,  March  27 
10:00  A.M.-12:30  P.M.  (C) 

DATA  REDUCTION  AND 
RECORDING 

Instrumentation  for  Recording  and  Anal* 
ysis  of  Audio  and  Sub-Audio  Noise,  by 
D.  D.  Howard,  Naval  Research  Lab. 

A  Xerographic  Cathode  Ray-Tube  Re¬ 
corder,  by  H.  H.  Hunter,  O.  A.  Ullrich 
and  L.  E.  Walkup,  Battelle  Memorial  Inst. 

Theory  of  Magnetography,  by  S.  J.  Be¬ 
gun,  Clcvite  Research  Center. 

.\pplications  of  Magnetography  to 
Graphic  Recording,  bv  J.  B.  Gehman,  Clev- 
itc  Research  Center. 

A  Shaft  Position  Digitizer  System  of 
High  Precision,  by  L.  G.  deBey,  Ballistic 
Mcas.  Lab.,  Aberdeen  Proving  Ground; 
and  R.  C.  Webb,  Colorado  Research  Corp. 

\  High  Precision  Digital  Shaft  Position 
Indicator,  by  D.  H.  Raudenbush,  Telecom¬ 
puting  Corp. 

SESSION  47 
Thursday,  March  27 
10:00  A.M.-12:30  P.M.  (C) 
ANTENNAS  II— GENERAL 
Early  Warning  Fvadar  Antennas,  by 
J.  M.  Flaherty  and  Eugene  Kadak,  West- 
inghousc  Electric  Corp. 

Phase  and  Amplitude  Measurements  in 
the  Near  Field  of  Microwave  Lenses,  by 
C.  W.  Morrow,  P.  E.  Taylor,  and  H.  T. 
Ward,  Melpar,  Inc. 

.\nnulaz  Slot  Direction  Finding  Antenna, 
by  H.  H.  Hougardy  and  Nicholas  Yarn, 
Hughci  Aircraft  Co. 

A  Novel  Antenna  for  Mobile  Radio  Re¬ 
lay  Operation  in  the  UHF  Range,  by 
F.  J.  Triolo,  U.  S.  Army  Signal  Engineer¬ 
ing  Labs. 

Lightweight,  High  Gain  Antenna,  by 
R.  G.  Maleeh,  Airborne  Instruments  Lab., 
Inc. 

Voltage  Breakdown  Characteristics  of 
Microwave  Antennas,  by  J.  B.  Chown,  T. 
Morita,  and  W.  E.  Scharfman,  Stanford 
Research  Institute. 

SESSION  48 
Thursdav,  March  27 
10:00  A.  M‘.-12:30  P.M.  (C) 
MICROWAVE  TUBES 
Noise  Characteristics  of  a  Backward- 
Wave  Oscillator,  by  J.  B.  Cicchetti  and 
}.  Munushian,  Hughes  Research  and  Devel¬ 
opment  Labs. 

The  Pulsed  M-Type  Backward  W'ave 
Oscillator  and  Its  Modes  of  Operation,  by 
Gerald  Klein  and  A.  L.  Winters,  U.  S. 
Army  Signal  Engineering  Labs. 

The  ESTIATRON — .\n  Electrostatically 
Focused  Medium-Power  Travel  ing-W'ave 
Amplifier,  by  D.  J.  Blattner  and  F.  E. 
Vaccaro,  Radio  Corporation  of  America. 

The  Generation  of  Shaped  Pulses  Using 
Microwave  Klystrons,  by  D.  H.  Preist, 
Eitel-McCullough,  Inc. 

W'idc-Band  UHF  10  KW  Klystron  Am¬ 
plifier,  by  H.  Goldman,  L.  F.  Gray,  L. 
Pollack,  Federal  Telecommunication  Labs. 

SESSION  49 
Thursdav,  March  27 
2:30-5:00  P.M.  (WA) 
GENERAL  SYSTEMS 
Combat  Computers,  by  W.  F.  Luebbert, 
U.  S.  Army  Signal  Corps  Engineering  Labs. 

The  US.\F  Automatic  Language  Trans¬ 
lator,  Mark  I,  by  G.  \.  Shiner,  Rome  Air 
Development  Center. 

Non-Binary  Switching  Theory,  by  O. 
Iflwcnschuss,  Sperry  Gvroscope  Co. 
Automatic  Type  Size  Normalization  in 
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High  Si>eed  Character  Sensing  Equipment, 
by  A.  I.  Tersoff,  Intelligent  Machines  Re¬ 
search  Corp. 

Minimum  Time  Programming  on  a 
Drum  Computer,  by  B.  ShiSman,  The 
Ramo- Wooldridge  Corp. 
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SESSION  50 
Thursday,  March  27 
2:30-5:00  P.M.  (WA) 
CIRCUIT  THEORY  HI— APPLICA¬ 
TION  OF  TOPOLOGICAL  AND 
GROUP  CONCEPTS 
Signal  Flowgraph  and  Network  Topology, 
by  Omar  Wing,  Columbia  University. 

New  Transpositions  in  Power  Trans¬ 
former  Windings,  by  R.  G.  deBuda,  Ca¬ 
nadian  General  Ele<kric  Co.,  Ltd. 

Two-Terminal  Pair  Symmetry  Relations, 
by  R.  C.  Kiessling,  Lenkurt  Electric  Co. 

Analysis  of  Nonreciprocal  Networks  by 
Digital  Computer,  by  Wataru  Mayeda  and 
M.  E.  Van  Valkenburg,  University  of 
Illinois. 

On  Non-Series-Parallel  Realization  of 
Driving-Point  Function,  by  Wan  H.  Kim, 
Columbia  University. 
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MADAaU...WIOE  RANOE  SENSITIVITY 
Modem  MEDALIST  design  provides  far 
greater  readability  and  modern  styling  in 
minimum  space.  Unique  core  and  magnet 
structure  provides  H  ua/mm  sensitivity  at 
null  point  with  sharp  square-law  attenuation 
to  100  ua  at  end  of  scale  in  Type  A.  Internal 
resistance  is  2000  ohms.  Other  sensitivities 
available.  ASA/MIL  2ii'  mounting.  Standard 
and  special  colors.  Bulletin  on  request. 
Marion  Electrical  Instrument  Co.,  Manchester. 
N.H.,U.S.  A. 
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SESSION  51 
Thursdav,  March  27 
2:30-5:00  P.M.  (WA) 
ULTRASONICS  HI— 
MEASUREMENT  OF  RADIATED 
ACOUSTIC  POWER 

Power  Handling  Capability  of  Ferroelec¬ 
tric  Ceramics,  by  G.  W.  Renner,  R.  A. 
Plante  and  T.  F.  Hueter,  Raytheon  Manu¬ 
facturing  Co. 

Measurement  of  Acoustic  Power  Radiated 
from  Underwater  Sound  Transducers,  by 
R.  |.  Bobber,  Office  of  Naval  Research. 

An  Instrument  for  Determining  Intensity 
of  Ultrasound,  by  J.  F.  Herrick,  B.  H. 
Anderson  and  M.  Neher,  Mayo  Clinic  and 
Mayo  Foundation. 

Measurements  of  Acoustic  Power  in  In¬ 
dustrial  Ultrasonic  Equipment,  by  W.  Wel- 
kowitz,  Gulton  Industries,  Inc. 

Panel  Discussion — Problems  in  Power 
Measurement 

Panel  Members  G.  E.  Henry,  General 
Electric  Eng.  Lab;  S.  E.  Jacke,  Detrex 
Corp;  Frank  Massa,  Massa  Labs.,  Inc; 
Murray  Strasberg,  David  Taylor  Model 
Basin. 
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SESSION  52 
Thursday,  March  27 
2:30-5:00  P.M.  (WA) 

LONG  DISTANCE 
COMMUNICATIONS 

Single  Channel  Radioteletyjje  Communi¬ 
cation,  by  H.  B.  Voelcker,  Jr.,  U.  S.  Army 
Signal  Engineering  Labs. 

A  World-Wide  High  Frequency  SSB 
Radio  Network,  by  Everett  Bray,  Collins 
Radio  Co. 

Comparison  of  Multi-Channel  Radio¬ 
teletype  Systems  Over  a  5,000-Mile 
Ionospheric  Path,  by  A.  T.  Brennan,  Strom- 
berg-Carlson  Co;  Bernard  Goldberg  and 
Arthur  Eckstein,  U.  S.  Army  Signal  Engi¬ 
neering  Labs. 

Basic  Analysis  on  Controlled  Carrier  Op¬ 
eration  of  Tropospheric  Scatter  Communi¬ 
cation  Systems,  by  L.  P.  Yeh,  VV'estinghouse 
Electric  Corp. 

Transportable  Tropospheric  Scatter  Com¬ 
munications  Systems,  by  A.  J.  Svien,  Collins 
Radio  Co.;  and  J.  C.  Domingue,  Signal 
Coinmuiiications  Dept. 

Evaluation  of  IF  and  Baseband  Diversity 
Combining  Receivers,  by  R.  T.  Adams  and 
B.  M.  Mindes,  Federal  Telecommunications 
Labs. 

Transmission  of  Digital  Data  over  Multi- 
Hop  Tropospheric,  by  C.  N.  Lawrence  and 


w5e  mow 

.4lf  WRUE^-KADIO  MAINTEMANCi."  PubiiriNKi 
2^  fwiwptTn  -toboKrtarias,  Inc.,  aMnufcK^uiwi 
jl#  Mio  105-B  Mleromafar  Fraqvamcy  Malar  and 
^5-A  FM  ModvIaKofl  Motor. 


Al  no  obligation  to  ma  pleosa  land  "HOW 
TO  MAKE  MONEY  IN  MOBIIE-RADIO  MAIN- 
TENANCE." 


1M  UTTLE  ST. 
WUfVtUE,NIW  JERSEY 
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R.  L.  \feiis,  Rome  Air  Development 
Center. 

SESSION  5? 

Thursday,  Match  27 
2:30-5:00  P.M.  (C) 

HIGH  ACCURACY 
INSTRUMENTS,  MEASUREMENT 
AND  CALIBRATION 

A  Feedback  Amplifier  with  Negative  Out¬ 
put  Resistance  for  Magnetic  Measurements, 
by  W.  P.  Harris  and  1.  L.  Cooter,  National 
Bureau  of  Standards. 

Millimicrosecond,  Wide-Aperture,  Elec¬ 
tro-optical  Shutter,  by  J.  A.  Hull,  Avco 
Mfg.  Corp. 

A  Quartz  Servo  Oscillator,  by  Norman 
Lea,  Marconi’s  Wireless  TelegraphCo.,  Ltd. 

A  New  Method  to  Simplify  Bridge  Type 
Measurements  on  Quartz  Crystal  Units,  by 
Erich  Hafner,  U.  S.  Army  Signal  Engi¬ 
neering  Labs. 

RF-Voltage  Calibration  Consoles,  by 
M.  C.  Selby,  L.  F.  Behrent  and  F.  X.  Ries, 
National  Bureau  of  Standards. 

SESSION  54 
Tliursdav,  March  27 
2:30-5:00  P.M.  (C) 

ANTENNAS  III— MICROWAVE 

ANTENNAS 

A  Compact  Dual-Purpose  S-Band  Beacon 
and  VHF  Telemetry  Antenna,  by  W.  O. 
Puro,  W.  G.  Scott  and  W.  A.  Meyer, 
Melpar,  Inc. 

A  Volumetric  Electrically  Scanned  Two- 
Dimensional  Microwave  Antenna  Array,  by 
).  L.  Spradley,  Hughes  Aircraft  Co. 

Closely  Spaced  Polyrod  Arrays,  by  L.  W. 
Mickey,  G.  G.  Chadwick,  Melpar,  Inc. 

Wave  Guide  Loaded  Surface  Wave  An¬ 
tenna,  by  R.  F.  Hyneman  and  R.  W. 
Hougardy,  Hughes  Aircraft  Co. 

Dielectnc  Image  Line  Surface  Wave  An¬ 
tenna,  by  H.  W.  Cooper,  Murray  Hoffman 
and  Sheldon  Isaacson,  Maryland  Electronic 
Mfg.  Corp. 

A  Dual  Beam  Planar  Antenna  for  Janus 
Type  Doppler  Navigation  Systems,  by 
H.  Saltzman  and  G.  Stavis,  General  Pre¬ 
cision  Lab.,  Inc. 

SESSION  55 
Thursdav,  March  27 
2:30-5:00  P.M.  (C) 

,  RADIO  &  TELEVISION 

i  Design  Problems  in  Transformerless  Sin- 
j  gle  Rectifier  TV  Receivers,  by  D.  Sillman, 

'  Westinghouse  Electric  Corp. 

(Problems  in  Two  Dimensional  Television 
Systems,  by  R.  M.  Bowie.  Sylvania  Electric 

!  Products,  Inc. 

A  New  High-Power  Horizontal-Output 
Tube  Deflection  System  for  Color  Televi¬ 
sion,  by  J.  P.  Wolff,  and  R.  G.  Rauth, 
Radio  Gorp.  or  America. 

Improvements  in  Deflection  .\mplifier 
Design,  by  C.  Droppa,  Sylvania  Electric 
i  Products,  Inc. 

AGC  Design  Considerations  for  TV  Re¬ 
ceivers,  by  R.  H.  Overdeer,  Phileo  Corp. 


Exhibitors  at  the  show  and  their 

booth  numbers  are  as  foilows: 

A 

ABC  Sound  Engineering  Co. 

145  West  47th  St. 

New  York  36,  N.  Y . 3119 

ACF  Industries,  Inc. 

Avion  Division 
11  Park  Place 

Paramus,  N.  J . 1107 


if  WOUND*  HIGN  VOLTaCI»HIGM  mICO^ 


Printed  Circuit 
Precision  Resistors 

To  meet  the  requirements  for  printed  circuitry, 
RPC  has  developed  Type  P  Encapsulated  Wire 
Wound  Precision  Resistors  Miniature,  single 
ended  units  designed  for  easy  rapid  mounting 
on  printed  circuit  panels  with  no  support  other 
than  the  wire  leods.  Many  newly  developed 
techniques  ore  employed  in  the  manufacture 
of  Type  P  Resistors.  These  units  can  be  oper¬ 
ated  in  ambient  temperatures  up  to  125*C. 
ond  will  withstood  all  applicable  tests  of  MIL- 
R-93A,  Arndt.  3.  Avoiloble  in  6  sizes,  rated 
from  1/10  wott  to  .4  watt,  '/i"  diameter  by 
long  to  diameter  by  long.  Re¬ 
sistance  values  to  3  megohms.  Tolerances  from 
1%  to  0.05%. 


High  Frequency  Resistors 


Used  where  requirements  call  for  very  low  in* 
ductance  and  skin  effect  in  circuits  invotving 
pulses  and  steep  wave  fronts.  Depending  on 
size  and  resistance  value,  these  resistors  aro 
usoble  at  frequencies  to  over  400  me.  Resist¬ 
ance  values  range  from  20  ohms  to  100  meg¬ 
ohms  with  tolerance  of  20%  to  5%.  2  types 
avoiloble. 

TYPE  F  resistors  (shown)  in  8  sizes  from  9/16" 
long  X  0.10"  diameter  to  6W  long  x  9/16" 
dionteter,  with  lugs  or  wire  leads.  Power 
ratings  %  to  10  watts. 

TYPE  G  resistors  (not  shown),  in  6  sizes  up 
to  18V^"  long.  Power  ratings  10  to  100  watts. 


Encapsulated  Precision 
Wire  Wound  Resistors 

RPC  Type  I  Encapsulated  Resistors  will  with¬ 
stand  temperature  attd  humidity  cycling,  salt 
water  immersion  and  extremes  of  altitude,  hu¬ 
midity,  corrosion  and  shook  without  electrical 
or  mechanical  deterioration.  Type  L  resistors 
are  available  in  many  sizes  and  styles  rang¬ 
ing  from  sub-minksture  to  standard  with  lug 
terminals,  axial  or  radial  wire  leads.  Avail¬ 
able  for  operation  at  105*  C  or  125*  C.  am¬ 
bient  temperatures.  These  resistors  will  meet 
all  applicable  requirements  of  MIL-R-93A, 
Arndt.  3.  Type  L  can  be  furnished  with  all  re¬ 
sistance  alloys  and  resistance  tolerances  from 
1%  to  .027o. 


High  Vohagg  Rasislor* 

Type  B  Resistors  are  stable  compact  units  for 
use  up  to  40  KV.  These  resistors  ore  used  for 
VT  voltmeter  multipliers,  high  resistance  volt¬ 
age  dividers,  bleeders,  high  resistance  stan¬ 
dards  and  in  radiation  equipment.  They  con 
be  furnished  in  resistance  to  100,000  megohms. 
Available  as  tapped  resistors  and  matched 
pairs.  Sizes  range  from  a  1  watt  resistor  1  inch 
long  X  Xs  Itch  diameter  rated  at  3500  volts, 
to  a  10  watt  resistor  614  inches  long  K  Inch 
diameter  rated  at  40  KV,  Low  temperature 
and  voltage  coefficients.  Standard  resistance 
tolerance  15%.  Tolerances  of  10%,  5%  and 
3%  available.  Tolerance  of  2%  available  in 
matched  pairs. 


RPC  resistors  are  noted  for  quality,  performance  and  de¬ 
livery  as  per  schedule.  Of  necessity,  this  requires  high  skills 
in  engineering  and  modern  production  facilities.  In  addi¬ 
tion,  RPC's  test  equipment  and  standards  for  calibrating 
and  checking  are  on  a  par  with  the  nation's  outstanding 
laboratories.  As  a  result,  RPC  is  a  steady  supplier  ta 
many  industrial  companies,  government  agencies  and  the 
armed  forces. 

For  additional  information  concerning  RPC  resistors,  write 
for  free  catalog. 


Resistance  Products  Co. 

914  S.  13fh  STREET  HARRISBURG,  PENNA 

Spe<»aliiinq  in  Manu^oefure  of  SeMston 
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ENGINEERS  Electronic  &  Mechanical 
Physicists: 


Sometimes  it  pays 
to  break  tradition 


Tradition  is  being  broken  every  day  at  Melpar 
as  we  promote  engineers  to  positions  of  respon¬ 
sibility  regardless  of  their  ages  or  the  duration 
of  their  service.  In  a  young,  dynamically  grow¬ 
ing  electronic  R  &  D  organization  such  as  ours 
only  one  factor  carries  real  weight.  That  factor 
is  individual  ability. 

The  fact  that  the  average  age  of  our  1000- 
man  professional  staff  is  one  of  the  youngest  in 
the  country  is  tangible  evidence  of  our  advance¬ 
ment  policy’s  emphasis  on  skill  and  performance. 

There’s  never  a  lack  of  higher  level  positions 
to  which  the  engineer  of  ability  may  advance, 
because  we’ve  doubled  in  size  every  18  months 
for  the  past  11  years  and  our  growth  continues 
at  a  rapid  pace.  We  promote  from  within  when¬ 
ever  and  wherever  possible.  By  means  of  our 
project  team  basis  of  organization,  work  of 
merit  is  readily  recognized  and  rewarded  with¬ 
out  delay. 

Our  wide  diversification  —  we  are  presently 
engaged  in  more  than  100  different  projects — 
gives  you  the  opportunity  to  tackle  challenging 
problems  in  a  variety  of  fields. 

Our  main  laboratory  is  situated  on  a  44-acre 
wooded  tract  in  a  desirable  suburb  of  Washing¬ 
ton,  D.  C.  Lovely  homes  and  apartments  are 
available  near  the  laboratory.  Nearby  Washing¬ 
ton  offers  a  wealth  of  cultural  and  recreational 
attractions,  and  splendid  educational  facilities. 

•  Financial  assistance  for  advanced  study  •  Reloca¬ 
tion  expenses  paid  •  Qualified  applicants  will  be 
invited  to  visit  Melpar  at  company  expense 


DURING  THE  I.R.E.  SHOW 

You  are  invited  to  meet  and  discuaa  employment 
opportunities  with  several  members  of  our  top  tech¬ 
nical  staff  during  the  I.R.E.  Show.  Contact  our 
represantative  at  the  convention  hotel. 


For  detailed  information  about  openings  . . . 
Write  to:  Technical  Personnel  Representative 


MELPAR  Incorporated 


A  Subsidiary  of  Westinghouse  Air  Brake  Company 

3012  Arlington  Boulevard,  Falls  Church,  Va 
10  miles  from  Washington,  D.  C. 


AMP  Incorporated 
3822  Eisenhower  Blvd. 

Harrisbiug,  Penna.  ..3821,  2427-2429 

A  &  P  Metal  Products  Mfg.  Cwp. 

Ill  Bloomlngdale  Road 
Hicksville,  L.  I.,  N.  Y . 4114 

Ace  Electronics  Associates,  Inc. 


99  Dover  St. 

Somerville  44,  Mass . 1807 

Ace  Engineering  &  Machine  Co.,  Inc. 
Tomlinson  Road 

Huntingdon  Valley,  Pa . 1728 


Acoustics  Associates  Inc. 

26  Windsor  Ave. 

Mineola,  L.  I.,  N.  Y . 4523 

Acme  Electric  Corp. 

20  Water  St. 

Cuba,  N.  Y . 1514 


Acton  Laboratories,  Inc. 

533  Main  St. 

Acton,  Mass . 1424 

Adcon  Corp. 

1117  Commonwealth  Ave. 

Boston  15,  Mass . 1417 

Ad-Yu  Electronics  Lab.,  Inc. 

249-259  Terhune  Ave. 

Passaic,  N.  J . 3606 

Aero  Electronics  Co. 

1512  N.  Wells  St. 

Chicago  10,  Ill . M-10 

Aeroprojects  Inc. 

310  E.  Rosedale  Ave. 

West  Chester,  Pa . 1913 

Aerovox  Corp. 

740  Belleville  Ave. 

New  Bedford,  Mass . 2603-2607 

Alnslie  Corp. 

312  Quincy  Ave. 

Quincy  69,  Mass . 1618 


Airborne  Instruments  Lab. 

160  Old  Country  Rd. 

Mineola,  L.  I.,  N.  Y,  .  .1301-1305,  1400 


Aircom  Incorporated 
354  Main  St. 

Winthrop  52,  Mass . M-21 

Airflyte  Electronics  Co. 

535  Avenue  A 

Bayonne,  N.  J . 3829 


Air-Marine  Motors,  Inc. 

369  Bayview  Ave. 

AmityviUe,  L.  I.,  N.  Y . 2315 

Air-Maze  Corporation 
25000  Miles  Road 


Cleveland  28,  Ohio . M-22 

Airpax  Products  Co. 

6601  N.  W.  19th  St. 

Pt.  Lauderdale,  Fla . 3502-3504 

Airtron,  Inc. 

1107  W.  Elizabeth  Ave. 

Linden,  N,  J . 3318 

Aladdin  Electronics  ' 

Div.  of  Aladdin  Industries,  Inc. 

703  Murfreesboro  Road 
Nashville  10,  Tenn . 1816 


The  Albano  Company,  Inc. 
Honeycomb  Division 
549-555  W.  54th  St. 

New  York  19,  N.  Y . 1228 
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Alden  Elect.  &  Impulse  Record¬ 
ing  Eq.  Co. 

P.  O.  Box  125 — Washington  St. 
Westboro,  Mass . 


Alden  Products  Co. 
117  N.  Main  St. 
Brockton  64,  Mass. . 


Alfax  Paper  Sc  Engineering  Co. 

Box  125 — Washington  St. 
Westboro,  Mass . 


Alford  Manlfacturing  Co.,  Inc. 
299  Atlantic  Ave. 

Boston  10,  Mass . 


All  Products  Co. 

Electronic  Products  Div. 
P.  O.  Box  110 
Mineral  Wells,  Texas  .. 


Allen-Bradley  Co. 

136  W.  Greenfield  Ave. 
Milwaukee  4,  Wisconsin 


General  Chemical  Division 
Allied  Chemical  &  Dye  Corp. 
40  Rector  St. 

New  York  6.  N.  Y . 


Allied  Control  Co.,  Inc. 
2  East  End  Ave. 

New  York  21,  N.  Y . 


Alpha  Metals,  Inc. 
56  Water  St. 

Jersey  City  4,  N.  J 


Alpha  Wire  Corp. 
200  Varick  St. 

New  York  14,  N.  Y 


G»V  Thermal  | 

Time  Delay  Delays 
used  in  Hughes  I 

Airborne  Armament  Control  Syste 


Amco  Engineering  Co. 
7333  W.  Ainslie  St. 
Chicago  31,  Ill . 


Amerac,  Inc. 

116  Topsfield  Rd. 
Wenham,  Mass. 


The  F-102A  all  weather  interceptor  and  many  other  planes  in  the 
and  Canadian  Air  Defense  Commands  are  fully  equipped  with  thi* 
developed  and  manufactured  by  the  Hughes  Aircraft  Company. 
G-V  thermal  time  delay  relays  are  relied  upon  in  all  of  these  systi 

In  both  military  and  industrial  equipment,  G-V  thermal  relays  are 
long,  dependable,  proven  service  in  time  delay  applications,  volta 
current  sensing  functions  and  circuit  protection. 

Write  for  extensive  application  data  and  catalog  material. 


American  Bosch  Arma  Corp. 
320  Fulton  Ave. 

Hempstead,  N.  Y . 


system 


The  American  Brass  Co. 
414  Meadow  St. 
Waterbury  20,  Conn _ 


providing. 
ge  and 


American  Electrical  Heater  Co. 
6110  Cass  Ave. 

Detroit  2,  Michigan . 


American  Machine  Sc  Foundry  Co. 
Defense  Products  Group 
1101  N.  Royal  St. 

Alexandria,  Va . 1506-1 


American  Metal  Climax,  Inc. 

61  Broadway 

New  York  6,  N.  Y . 

American  Molded  Products  Co. 
2727  W.  Chicago  Ave. 

Chicago  22,  Ill . . 

American  Plastics  Corp. 

342  Madison  Ave. 

New  York  17,  N.  Y . 

American  Silver  Company,  Inc. 
36-07  Prince  St. 

Flushing  54,  N.  Y . 

American  Super-Temperature 
Wires,  Inc. 

194  Nassau  St. 

Princeton,  N.  J . 


G-V  CONTROLS  INC. 

24  Hollywood  Plaza,  East  Orange,  New  Jersey 
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HI6I  VOLTAGE 


PREM-O-RAK  Sariss  POR 


DEL  LAB^ 
RETYPE 

ontinueusly 
iobU  0^  KV 
Z  RaguloMd 
>w«r  Supply 

at  output  1  ma. 
KV.  2  ma  may 
iwn  from  50  KV 
Supplied  uith 
positiTe  po¬ 
or  negatire  pn- 
output.  Regu- 
staMUty — 1% 
■la  21  %4'  wide  x 

high  X  IS* 


LAB-60  CompMa  wHh  metar . $695.00  Net 

LAB-60  PN  Reyanible  polarity  model  of  above 
. $745.00  Net 


MODEL  457; 

4V^  KV  roWE 
SOPFIY 

Utilizeft  two  6AQ5 
MS  M  parallel  ohc 
feeding  a  1X2  rectifli 
tube.  For  an  outpi 
voltage  of  4H  K 
DC  at  1  inilliamper 
the  low  voltage  inpi 
requirement  Is  250 
at  50  milliampere 
By  varying  the  D 
Input  the  output 
voltage  can  be 
varied  from  approx* 

1  KV  to  7H  KV. 
Dimensions: 
high  X  S'*  deep  x 
4H*  wide.  In  com; 
enclosed  metal  hou.sing. 
Levs  low  voltage  DC  supply. 


COMPLETE  LINE 


. $32.50  Net 

OF  HIGH  VOLTAGE 


MODEL  UaSO 
REGULAnD  DC 
POWER  SUPPLY 

Oontlnuoualy  variable  0  to 
00  KV  DC  Power  Supply. 

'  Output  current  1  ma.  at 
^  80  KV.  2  ma.  from  40  KV 
donn.  Voltage  regulations 
better  than  1%  throughout 
voltage  range.  Panel  di¬ 
mensions  19"  wide  X  26’ 
high  X  18"  deep. 

Rear  view — let*  cabinet 

LAB-80  Complete  with  HV  meter . ...5900  net 

Specify  polarity  output — positive  or  negative 


MODEL  RG-30 — Continuously  Voriublo 

15-30  KV  Regulated  DC  Power  Supply 

with  repulated  focus 

Inoorporatee  a  voltage  tap  in  the  range  of  4  to  6 
KV  for  use  with  5WP15.  STP4  and  flying  spot  tubes. 
Regulation!!  better 
than  .5%  at  1 
milliampere.  In 
wide  use  for  color 
lube  ilevelnpment 
work,  tiairscriptlon 
reouiviirig  s>steii!s. 

Also  available  with 
focus  and  conver¬ 
gence  voltage  taps 
for  RCA  Tri-Color 
tubes  St  slight  sd- 
'Iltionsl  cost.  This 
model  can  be  ad- 
iastcd  for  40  KV 
output  at  .5  miUls 

tubes. 

lO'i*  wide  X  12>4"  high  x  13"  deep . 5295  Net 

I  With  mater  installed  on  front  panel . $345  Nat 

lOILS— Sand  for  complota  catalog  E 
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DESK  CABINET 
.  RACKS  pa 
f  Series  OCR  |g  i  “ 


SLIDING  DRAWERS 
Sariat  RO 


HEAVY  DUTY 
RACKS 
Series  FO 


Just  a  few  of  the  many  .  .  .  I 

PRECISION-BUILT 

STANDARD 

METAL  HOUSINGS  ^ 

i  MODIFICATIONS  OF  OUR  STANDARD  UNITS  ^ 

h  are  available  upon  request;  such  as  colors,  handles,  holes 
and  cut-outs,  ventilation  and  hardware. 

SpL  See  our  Booth  No.  1 1 13  at  the 

jaf^^  I.R.E.  SHOW  in  New  York  —  March  24-27 

SEND  FOR  COMPLETE  CATALOG  E 

TpmiBfflMTB 

METAL  PRODUCTS  CO. 

337  mANIDA  ST.,  NEW  YORK  59,  N.  Y. 


A  f  : 

•J 

'  1  1 

pRii; 

MUITIPIE 

HEAV^UTY  RACKS 

Mriof  fft 


American  Television  &  Radio  Co. 

300  E.  Fourth  St. 

St.  Paul  1,  Minn . 2834 

Amperex  Electronic  Corp. 

230  Dufify  Ave. 

Hicksville,  L.  I.,  N.  Y . 2522-2524 

Amphenol  Electronics  Corp. 

1830  S.  54th  Ave. 

Chicago  50,  Ill . 2321-2327 

Analogue  Controls,  Inc. 

39  Roselle  St. 

Mineola,  N  Y . 3822 


Anchor  Metal  Co.,  Inc. 

966  Meeker  Ave. 

Brooklyn  22,  N.  Y.  . 4513 

Andrew  Corp. 

363  E.  75th  St. 

Chicago  19.  Ill . . . 1409,  1411 

Arthur  Ansley  Manufacturing  Co. 
New  L^ope,  Pa . 4121 

ANTLAB  Inc. 

6330  Proprietors  Road 
Worthington,  Ohio . 1324 

Apex  Machine  Company 
14-13  118th  St. 

College  Point  56,  N.  Y . 4528 

Appliance  Manufacturer 
201  North  Wells  St. 

Chicago  6,  Ill . 4535 

Arco  Electronics,  Inc. 

64  White  St. 

New  York  13,  N.  Y . 2738 

Arnold  Engineering  Co. 

P.  O.  Box  G. 

Marengo,  Ill . 2201-2205 

Artos  Engineering  Co. 

2737  S.  28th  St. 

Milwaukee  46,  Wise . 4228 

Assembly  Products,  Inc. 

Wilson  Mills  Road 

Chesterland,  Ohio  . 3815-3817 

Associated  American  Trading 
Division 

750  St.  Anns  Ave. 

New  York  56,  N.  Y . 4239-4241 

Associated  Missile  Products  Corp. 
Sub.  of  Amer.  Mach.  &  Foundry  Co. 
2709  North  Garey  Ave. 

Pomona,  Calif . 1512 

Associated  Testing  Labs.,  Inc. 

415  Clinton  Road  at  Route  46 
Caldwell,  N.  J . 1818 


Astron  Corp. 

255  Grant  Ave. 

East  Newark,  N.  J . 

Atlantex  Corp. 

625  McGrath  Highway 
Somerville,  Mass . 


Atlas  E-E  Corp. 
47  Prospect  St. 
Woburn,  Mass.  . 


Audio  Development  Co. 
2833  13th  Ave.  South 
Minneapolis  7,  Minn.  .. 


Audio  Devices,  Inc. 

444  Madison  Avenue 
New  York  22,  N.  Y . 


. 2720 
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Augat  Bros.,  Inc. 
31  Perry  Ave. 
Attleboro,  Moss  . 


4425 


Automatic  Electric  Sales  Corp. 
Northlake,  Ill . 19C 


Automatic  Metal  Products  Corp. 
315-323  Berry  St. 

Brooklyn  11,  N.  Y . 


AVCO  Mfj.  Corp. 
Crosley  Div. 

1329  Arlington  St. 
Cincinnati  25,  Ohio 


Axel  Brothers,  Inc. 
Electronics  Div. 
134-20  Jamaica  Ave. 
Jamaica  18,  N.  Y _ 


B  &  F  Instruments,  Inc. 
4732  N.  Broad  St. 
Philadelphia  41,  Pa . 


The  B.G.  Corporation 
321  Broad  Ave. 
Ridgefield,  N.  J . 


Baird -Atomic  Inc. 
33  University  Rd. 
Cambridge  38,  Mass 


TYPICAL  INDUCTION  HEATING  APPLICATIONS 
IN  THE  MANUFACTURE  OF  TRANSISTORS 

SOLDERING  TRANSISTOR  •  SINGLE  CRYSTAL  PULLER 
ASSEMBLIES  S 

BY  INDUCTION  HEATING  • 


Balco  Research  Laboratories,  Inc. 

49-53  Edison  Place 

Newark  2,  N.  J . ! 


Ballantine  Laboratories,  Inc. 
102  Fanny  Rd. 

Boonton,  N.  J . i 


Barber-Colman  Co. 
Electrical  Components  Div. 
1800  Rock  St. 

Rockford.  Ill . 


ooo 


Barnes  Engineering  Co. 
30  Commerce  Rd. 
Stamford,  Conn . 


Concentrator-type  coil  creates  high 
intensity,  restricted  heating  at  joint 
of  nickel  shell  and  tinned  glass, 
thus  causing  solder  to  flow  for 
permanent  seal. 


General  arrangement  for  pulling 
single  crystals.  Induction  heating 
coil  is  shown  surrounding  quartz 
tube  containing  crucible  with  molten 
germanium  in  suitable  atmosphere. 


Barry  Controls,  Inc. 
700  Pleasant  St. 
Watertown  72,  Mass 


Baso  Inc. 

730  N.  Jackson  St. 
Milwaukee  1,  Wise 


MULTIPLE  ZONE  REFINING 


Beattie-Comeman,  Inc. 
1000  N.  Olive  St. 
Anaheim,  Calif . 


Berkley  Division  of  Beckman 
Instruments,  Inc. 

2200  Wright  Ave. 

Richmond,  Calif . 3' 


Induction  heating  apparatus  used  in  zone  refining.  The  six  coils 
shown  provide  simultaneous  molten  zones  in  the  ingot  as  it  passes 
through  the  tube  containing  the  protective  atmosphere. 


Beemer  Engineering  Co, 
401  N.  Broad  St. 
Philadelphia  8,  Pa . 

Behiman  Engineering  Co. 
2911  Winona  Ave. 

Burbank,  Calif . 

Belden  Manufacturing  Co. 
415  S.  Kilpatrick  Ave. 
Chicago  44,  Ill . 

Bell  Aircraft  Corp. 

Avionics  Division 
P.  O.  Box  1 

Buffalo  5,  N.  Y . 
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W.  H.  Hudson  Advertisingr 
Re:  Bogue  Elec.  Mfg.  Co.,  Ulanet 
Co. 

Essex  Falls,  N.  J . 2119 


Bendix  Aviation  Corp. 

401  N.  Bendix  Dr. 

South  Bend  20,  Indiana. . .  .2322-2425 


Bergen  Laboratories 
247  Crooks  Ave. 
Clifton,  N.  J . 


3226 


2115-2117 


Bomac  Laboratories,  Inc. 

Salem  Rd. 

Beverly,  Mass . 2829-2831 


. 2405 


3114 


...3101-3102 


4317 


3812-3814 


Boston  Insulated  Wire  &  Cable  Co. 
65  Bay  St. 

Boston  25,  Mass . 4016 
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Belling  &  Lee  Limited 

Great  Cambridge  Rd. 
Enfield,  Middlesex,  England 


Vector  Patch-Boards  provide  simple,  economical  units 
for  multiple-connection,  single  conductor  patching. 
Useful  for  low  cost  computers,  test  boards  and  a 
multitude  of  connecting  applications.  Receptacles  are 
0.265"  on  centers  and  take  .087- .09 1  diameter 
plugs.  Patch  cords  also  available.  Standard 
boards  available  or  readily  made  to  size  required. 


VECTOR 

ELECTRONIC 

COMPANY 

1100  FLOWER  STREET 
GLENDALE  1,  CALIFORNIA 
CHAPMAN  5-1076 
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Bodner  Industries,  Inc. 
238  Huguenot  St. 

New  Rochelle,  N.  Y . 


Bogart  Manufacturing  Corp. 
315  Seigel  St. 

Brooklyn  6,  N.  Y . 


Bogue  Electric  Mfg.  Co. 
52  Iowa  Avenue 
Paterson  3,  N.  J . 


Bond  Electronics  Corp. 

60  Springfield  Ave. 
Springfield,  N.  J . 


Boonton  Electronics  Corp. 
738  Speedwell  Ave. 

Morris  Plains,  N.  J . 


Boonton  Radio  Corp. 
Intervale  Road 
Boonton,  N.  J . 


The  Borden  Chemical  Co. 
Div.  of  The  Borden  Co. 

P.  O.  Box  1589 

Santa  Barbara,  Calif . 


Borg  Equipment  Div. 
George  W.  Borg  Corp. 
120  S.  Main  St. 
Janesville,  Wise.  ...... 


3716,  8711 


4418 


Writ*  for 
information: 


4301-4303 


2214 


Beta  Electric  Corp. 

333  E.  103rd  St. 

New  York  29,  N.  Y . 3107,  3109 


3943 


3215-3217 


2736 


Blonder-Tongue  Laboratories,  Inc. 
9-25  Ailing  St. 

Newark  2,  N.  J . 1210 


Bourns  Laboratories 
6135  Magnolia  Ave. 
Riverside,  Calif . 


Bimbach  Radio  Co.,  Inc. 
145  Hudson  Street 
New  York  13,  N.  Y . 


Boesch  Mfg.  Co.,  Inc. 
45  River  St. 

Danbury,  Conn . . 


James  G.  Biddle  Co. 
1316  Arch  St. 
Philadelphia  7,  Pa . . 


Bird  Electronic  Corp. 
1800  E.  38th  St. 
Cleveland  14,  Ohio _ 


Bliley  Electric  Company 
Union  Station  Building 
Erie,  Pa . 


not  lust 


miniature,  bui 


Sffff- 


I 


/ime 

ZucUittf 


Actual  Size 


‘  Smaller  than  a 
postage  stamp" 


SMT ELECTROLYTIC  CAPACITORS 


Tubular  and  Upright  for  Regular  and  Printed  Circuits 


Available  in  wide  temperature  ranges  40°C  to  65°C  and  20°C  to  —  85°C 
A  complete  line  with  exclusive  patented  construction  in  a  variety  of  miniotur- 
ized  sizes.  Features:  hermetically-sealed;  stabilized  for  high  and  low  tempera¬ 
ture  operation;  excellent  life  characteristics;  immersion-proof;  resistant  shock 
and  vibration  leakage  currents  extremely  low. 

Write  for  technical  information  and  illustrated  literature. 


Telephone:  EVerglade  4-1300 


ILLINOIS 


CONDENSER  COMPANY 


1616  N.  Throop  Street  -  Chicago  22,  Illinois 


Protect  the  life  line  of 
your  electrical  products 
with  Nylon  HBYCO 
Strain  Relief  Bushings 


Anchor  &  Insulate 
power  supply  cords 


SAVE  TIME... 
...SAVE  MONEY 


ABSORBS  PUSH 


ABSORBS  POU 


Send  for  samples  to  fit  your  wire,  today! 

HEYMAN 

MANUFACTURING  COMPANY 

KENILWORTH  U  NEW  JERSEY 


Bowmar  Instrument  Corn. 

8000  Bluffton  Rd.  (P.  O.  Box  2835) 
Port  Wayne,  Ind . 1803 

Bradley  Laboratories,  Inc. 

168  Columbus  Ave. 

New  Haven  11,  Conn . 2919 

W.  H.  Brady  Co. 

727  W.  Glendale  Ave. 

Milwaukee  9,  Wise . 4103 

Branson  Corp. 

P.  O.  Box  234 

41  So.  Jefferson  Road 

Whippany,  N.  J . 2005 


Branson  Ultrasonic  Corp. 
37  Brown  House  Rd. 
Stamford,  Conn . 


H.  Braun  Tool  &  Instrument  Co.,  Inc. 
140  Fifth  Ave. 

Hawthorne,  N.  J . 4211 

Brevel  Products  Corp. 

601  West  26th  Street 

New  York  1,  N.  Y . 3949 


The  Bristol  Co. 

Waterbury  20,  Conn . 3932 

British  Radio  Electronics  Ltd. 

1833  Jefferson  Place,  N.  W. 
Washington  6,  D.  C . 2815 

British  Industries  Corp. 

80  Shore  Road 

Port  Washington,  L.I.,  N.Y.  2921-2922 

Buchanan  Electrical  Prods.  Corp. 

225  U.  S.  Route  22 

HUlside,  N.  J . 4213 

Buckbee  Mears  Co. 

4th  &  Rosabel  Sts. 

St.  Paul  1,  Minn . 3809 


Budd- Stanley  Co.,  Inc. 

43-01  22nd  St. 

Long  Island  City  1,  N.  Y. .  .3121-3122 

Bulova  Watch  Co.,  Inc. 

Dept,  of  Government  &  Industrial 
Sales 

Bulova  Park 

Flushing  70,  N.  Y . 1811  &  1813 

Burgess  Battery  Co. 

Foot  of  Exchange  St. 

Freeport,  Ill . 2711 

Burlingame  Associates,  Ltd. 

510  S.  Pulton  Ave. 

Mount  Vernon,  N.  Y . 3610-3612 

Bnmdy  Corp. 

Omaton  Division 

Norwalk,  Conn . 1318 


Burnell  &  Co.  Inc. 

10  Pelham  Parkway 

Pelham  Manor,  N.  Y . 2909,  2910 

Burr-Brown  Research  Corp. 

Box  6444 

Tucson,  Ariz . 3052 
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Burroughs  Corp. 

6071  Second  Ave. 

Detroit  32.  Mich . 1720-1724 

Bnssman  Mfg.  Co. 

University  at  Jefferson 

St.  Louis  7,  Mo . 2739 


CBS  Hytron  Div. 

Columbia  Broadcasting  System,  Inc. 


NEED 

SPEED 


DELAY 


DELIVERIES 


CUSTOM  MADE 
TO  THE 

MOST  DIFFICULT 
SPECIFICATIONS 

lto3* 

WEEKS 

COMPLETION 


Within  1  week  we  will  supply  you  with 
an  electronically  suitable  model,  to 
enable  your  engineering  to  continue, 
while  waiting  for  completed  deliveries 
(within  3  weeks),  of  delay  lines  made 
to  your  specific  configurations. 

SEE  US  AT  THE  I.R.E.  SHOW 
BOOTH  3054 


Dttigntrt,  naRnfaetarart  aaS 
iaaaa-pra4aean  al  StaateR  aa4 
fiittaai  an4a  Laaipad  Caaalaat, 
Dittributa4  Caastant,  Variabla, 
aiiaiatara  Variabla  aad  Caaiglala 
Oalay  Uaa  Syttaaia. 


CONTROL  ELECTRONICS  CO.,  INC. 

1925  New  York  Avenue 
Huntington  Station,  New  York 


cirefa  raadar't  cord  tor  eataleg  shoots 
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100  Endicott  St. 
Danvers,  Mass.  . 


2131 


laO  Vl<k4uctcr.cft  in  Huri— 


WITH 


PRECISION 

DEFLECTION 


COSSOR  YOKES 


Tw»*Asla  Pla»d  Toh* 

Compon«nt  Development 
Engineering  at  its  BEST! 

•  ADVAMCmEUXmtlCAL  DESIGN 
•  PRECISION  MECHANICAL  DESIGN 
•  ACCURATE  PRODUCTION  METHODS 

CtiAtom  Built  to  tko  moot 
Exectln^  SpociBcotiono 
by  Coooor  Enqinooro 

'  In  lllvuaet*!  Cotes  for  Optimom  Ooomstrr 
In  Fonito  Coves  for  end  Sonsittritr 

in  IfoTi- magnetic  Cores  for  Perfection  nf  Response 

Any  of  Coooor't  Three  Gore  Typee  can  bo 
made  n  stnj^Ie  or  double  aiU  with  ein^e  or 
pooh-putl  wlndin^ii,  and  encapeulated  for 
filed  or  ftUp  rind  (rotatind)  use. 


prUtica  of  yokes  for  l<l/2  in. 


Nomud  chsra- 
neck  tabes  aix: 

Podtkmal  accuracy  •  the  spot  position  will  coO' 
fMTO  to  the  yoke  current 
coKM’dmstes  within  0.2S% 
<3f  tube  diameter.  For  de> 
flection  ancles  less  than 
1 2$^  better  accuracy  can 
B  ea^y  be  achieved. 

Metnory  « *  0.5%  mai.  without  over* 

swing: 

0.1%  or  less  with  amtroUed 
overawing. 

Complete  enemwaLtion  in  epoxy  (stycast)  or 
sUkorke  rcaios  is  stai^tsrd  tot  all  Cossor  deflection 
yokes,  mid  is  done  with  special  moulding  tools 
ensuring  etatrate  aHgsmcnt  of  the  yoke  axis.  When 
riofs  are  added,  soiltt  wlver  rings  are  mounted 
in  eucapsulatksg  rcain.  xbc  finished  slip  ring  yoke 
is  prsckioa  turned  to  centre  bore,  and  can  include 
bearing  mounting  Mrfaces  ^nth  dimensional  toler* 
ancet  appfboching  thoaenssocIaUe  with  high  quality 
metal  paita, 

•,)  * 


■  '’ENTS  DIVISION 

COSSOR 

CANADA  LIMITED 

301  Windsor  St,  Halifax,  N.  S. 

8230  .Mayrand  St.,  Montreal,  Quc. 

648A  Yonge  St.,  Toronto,  Ont. 

Corporation  Houae,  160  Laurier  West.  Ottawa 
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CGS  Laboratories,  Inc. 

391  Ludlow  St. 

Stamford  1,  Conn . 1310-1312 


C  K  Components,  Inc. 

101  Morse  St. 

Newton  58,  Mass . 3949-B 


The  Calidyne  Co. 

120  Cross  St. 

Winchester,  Mass . 3222,  3224 

CaliftHTila  Technical  Indnstries 
Div.  of  Textron,  Inc. 

1421  Old  Coimtry  Rd. 

Belmont,  Calif . 1111  &  1112 


CALMAG 

Div.  of  Calif.  Magnetic  Cont.  Corp. 


11922  Valerio  St. 

No.  Hollywood,  Calif . 2009 

Cambridge  Thermionic  Corp. 

445  Concord  Avenue 

Cambridge  38,  Mass . 2219 

Camloc  Fastener  Corp. 

22  Spring  Valley  Road 

Paramus,  N.  J . 4306-4308 

Cannon  Electric  Company 

3209  Humboldt  Street 

Los  Angeles  31,  Calif . 2733-2727 

The  Capitol  Machine  Co. 

36  Balmforth  Ave. 

Danbury,  Conn . 3843 

The  Carborundum  Co. 

Perth  Amboy,  N.  J . 2930-2931 

Capitol  Radio  Engineering  Institute, 
Inc. 

3224  16th  St.,  N.  W. 

Washington  10,  D.  C . 3105 

Spectrol  Electronics  Division 
Carrier  Corp. 

1704  S.  Del  Mar  Ave. 

San  Gabriel,  Calif . 1726 


Carter  Parts  Co. 

3401  W.  Madison  St. 

Skokie.  Ill . 2109 


Cascade  Div. 

Monogram  Precision  Industries,  Inc. 
53  Victory  Lane 

Los  Gatos,  Calif . 3608 


Centronix  Inc. 

34  Oleander  St. 

P.  O.  Box  1306 

Cocoa,  Fla . 1600 

Century  Electronics  &  Instruments, 
Inc. 

1333  N.  Utica  St..  Box  6216 
Tulsa,  Okla . 3211-3213 

Ceramaseal,  Inc. 

Box  25 

New  Lebanon  Center,  N.  Y . 4013 

Chassis- Trak,  Inc. 

525  S.  Webster  Ave. 

Indianapolis  19,  Ind . 4001 

Chemo-Textiles,  Inc. 

Pulaski  St. 

P.O.  Box  169 

West  Warwick,  R.  1 . 4002 

Chestei*  Cable  Corp. 

P.O.  Box  316 

Chester,  N.  Y . 4428 


March  14, 


Saves  you  time  and  headaches  in  making 
measurements  that  previously  were  slow, 
inaccurate,  cumbersome  .  .  .  Measures  cur¬ 
rents  in  transistors,  magnetic  amplifiers, 
resonant  circuits,  filters,  servo  systems,  re¬ 
cording  heads,  etc.  Using  an  oscilloscope, 
observe  current  waveforms  and  transient 
currents. 

CLAMP-ON  PROBE  gives  you  lost,  one-hand 
operation.  Speeds  laboratory  and  production 
testing. 

INSERTION  PROBE  gives  you  greater  ac¬ 
curacy,  increased  sensitivity  and  wider  fre¬ 
quency  range. 

SPECIFICATIONS 

SENSITIVITY;  3  i>a  to  100  mo  full  scale  with 
Insertion  Probe  (300  jja  to  100  ma  with 
Clamp-On-Probe) . 

ACCURACY:  ±2%  of  full  scale  at  I  KC 
(±5%  clamp-on). 

FREQUENCY;  Flat  within  ±2%  100-^  to 
100  KC,  -3  db  at  and  1  MC. 

(clamp-on  ±5%  200~  to  100  KC,  -3  db 
at  50^  ond  1  MC. ) 

INPUT  IMPEDANCE:  2  ohms  plus  8  juh,  60 
mmf  to  ground  from  3  iJO  to  1  MA. 
Negligible  impedance  and  copacitonce 
300  ua  to  100  MA. 

OSCILLOSCOPE  CONNECTION:  0.1  volt  into 
10  K  ohms. 

PRICE:  $290.00  including  both  probes. 

OTHER  INSTRUMINTS  AVAILABU: 
Miniature  DC  Coupled  Decode  Amplifier 
Isolation  Amplifier 
Regulated  Power  Supplies 

Writ*  tor  tomploto  Information 
Visit  us,  BOOTH  #3015,  j.R.E.  SHOW 


QUAN-TECH 
iNfi  LABORATORIES 

MORRISTOWN  NEW  JERSET 
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with  the  NEW 
QUAN-TECH 
AC  MICROAMMETER 

MODEL  301 


LEWYT  DRILLS 
PRINTED  CIRCUITS 
110%  FASTER 


different  a 


BOOTHS 
2428-2521 
IRE  SHOW 


bIblVIUNU  liUnN  mfg  CO.,  INC. 

121  SO  COLUMBUS  AVE  MOUNT  VERNON,  N  Y 


Chicago  Standard  Transformer 
Corp. 

3501  West  Addison  St. 

Chicago  18,  HI . ] 


Christie  Electric  Corp. 
3410  W.  67th  St. 

Los  Angeles  43,  Calif.. 


Cinch  Mfg.  Corp. 
1026  Homan  Ave. 
Chicago  24.  Ill.  . 


C.  P.  Clare  &  Co. 
420  Lexington  Ave. 
New  York  17,  N.  Y. 


Cleveland  Container  Co. 
6201  Barberton  Ave. 
Cleveland  2,  Ohio . 


Writes  Lewyt  engineer 
Murray  Berman: 

". . .  Not  only  did  New  Hermes  Ennavograph  i 
our  production  by  this  amazing  ngure,  but 
enabled  us  to  achieve  consistently  better  quality. 

•  Pantograph  reproduces  drill  pattern  from 

template  in  any  reduction  ratio— assuring  high 
accuracy  with  unskilled  labor.  Jt 

•  Allows  drilling  and  routing 

of  different  sire  boles  in  one  1 — -j— — 
operation  without  changing  tools. 

Mto  for  traeor-guidod 

ENGRAVINO  •  PROFIIINO  •  ORAOUATING 

Request  our  28-page  illustrated  catalog  I  P 
ZP-2  on  your  business  letterhead.  1  i 


Clevite  Research  Center 
Div.  of  Clevite  Corp. 

540  East  105th  St. 
Cleveland  8,  Ohio . 


Brush  Instruments 

Div.  of  Clevite  Corporation 

3405  Perkins  Ave. 

Cleveland  14,  Ohio . ! 


Clipper  Gear  St  Machine  Co. 
15301  E.  12  Mile  Road 
Roseville,  Mich . 


visn 

BOOTH 
#1*34 
Itf  SHOW 


Cobehn,  Inc. 
Passaic  Ave. 
Caldwell,  N.  J. 


Sigmund  Cohen  Corp. 
121  S.  Columbus  Ave. 
Mount  Vernon,  N.  Y. 


Coil  Winding  Equipment  Co. 
19  Maxwell  Ave. 

Oyster  Bay,  L.  I.,  N.  Y . 
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Coleman  Engineering  Co.,  Inc. 
6040  W.  Jefferson  Blvd. 

Los  Angeles  16,  Calif _ ■ . 


Collins  Radio  Co. 
855  35th  St.,  N.  E. 
Cedar  Rapids,  Iowa 


Comar  Electric  Co. 
3349  W.  Addison  St. 
Chicago  18,  Ill.  . . . 


Combined  Book  Exhibit,  Inc. 
950  University  Ave. 

New  York  52,  N.  Y . 453; 


Comco  Plastics,  Inc. 
97-24  Albert  Rd. 
Ozone  Park  17,  N.  Y. 


Communication  Accessories  Co. 
Highway  71,  By-Pass  &  U.  S.  50 
Lee’s  Summit,  Mo . 3908-3910 


. . .  New  combinations  of  plating  on  wire  ore 
being  developed  by  our  research  staff  from 
time  to  time.  Your  inquiry  is  invited. 


Computer  Control  Company,  Inc. 
92  Broad  St. 

Wellesley  57,  Mass . 


Consult  us,  without  obligation,  about 
your  specific  wire  problems.  Write 
for  list  of  products. 


Computer-Measurements  Corp. 

5528  Vineland  Ave. 

North  Hollywood,  Calif _ 1620-1622 


Condenser  Products  Co. 
140  Hamilton  St. 

New  Haven  4,  Conn... 


Conrad,  Inc. 

141  Jefferson  St. 
Holland.  Michigan 
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• 

Continuous  electroplating  methods 
coating  of  many  metals  on  to  wire 
bon)  in  specified  thicknesses  of  plate 
very  flexible  operation  makes  it 
to  designate  a  desirable  base  or 

i  permit 
(or  rib- 
. . .  This 
possible 
precious 

metal  with  a  coating  of  another  metal  for 

its  own  particular  characteristics. 

In  our 

laboratory  Tungsten  wire  as  small  as 

.00015"  has  been  electroplated  with  Gold. 

SPOT  GALVANOMETER 


Type  GVM  22 

7  CURRENT  RANGES: 

5  to  500  /(A  full  scale 
0.8  to  6  mV  voltage  drop 

7  VOLTAGE  RANGES: 

1  to  100  mV  full  scale 
200  ohms/mV 

QUICK  & 
APERIODIC  RESPONSE 


Represented  In  Canada  by 
BACH-SIMPSON 
London/Ontario 

Represented  in  the  United  States  by 
WELWYN  INT.  INC. 

3355  Edgecliff  Terrace,  Cleveland  11  Ohio 


Line  of  5  galvanometers  supplied  for  dif¬ 
ferent  applications.  •  Light  and  handy  in¬ 
strument.  •  Power  line  or  battery  operation. 


RADIOMETER 

72  Emdrupvej,  Copenhagen  NV,  Denmark 
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RIBBONS -STRIPS 


^  PURE  TUN6ST04  ^  THORIATED  TUNGSTEN 

iiC  MOLYBDENUM  ^  SPECIAL  AUOYS 

and  OTHER  METALS 
IN 

ULTRA  THIN  SIZES 

to 

TOLERANCES  CLOSER  THAN  COMMERCIAL  STANDARDS 

by 

OUR  SPECIAL  ROLLING  TECHNIQUE 

Not*:  for  highly  onginoorod  application*— ctripa  of  TUNGSTEN 
and  some  othor  metals  can  b*  supplied 

ROLLED  DOWN  TO  .0003  THICKNESS 

•  Finish:  Roil  Finish— Black  or  Cleaned 

*  Ribbons  may  bo  supplied  in  Mg.  weights  if  required 

For  HIGHLT  ENGINEERED  APPLICATIONS 

DEVaOPED  AND  MANUFACTURED  BY 


H.CROSS  CO. 


IS  lEEKMAN  ST.,  N.  Y.  31.  N.  Y. 
ii.irHONi  '^O'-tli  2-2044 
COrfloadt  7-0470 


Consolidated  Electrodimamics  Corp. 
300  N.  Sierre  Madre  Villa 
Pasadena  15,  Calif . 3223 

The  Consolidated  Mining  of 
Canada  Ltd. 

215  St.  James  St.,  West 
Montreal,  Canada  . 4 

Consolidated  Resistance  Co.  of 
America,  Inc. 

44  Prospect  St. 

Yonkers.  N.  Y . 2933 

The  Constanta  Co.  of  Canada  Ltd. 
280  Regina  Ave. 

Montreal,  P.  Q.,  Canada . 3919 

L.  L.  Constantin  &  Co. 

Franklin  Ave.  at  New  Jersey  H’way. 
Lodi,  N.  J . 3801.  3803 

Continental  Carbon 
Division  of  Wirt  Co. 

5221  Oreene  St. 

Philadelphia  44,  Pa . 2209 

Continental-Diamond  Fibre  Corp. 

16  Chapel  St. 

Newark  48,  Delaware . 4223,  4224 

Control  Electronics  Co.,  Inc. 

1925  New  York  Ave. 

Huntington  Station,  N.  Y . 3051 

Coors  Porcelain  Company 
Golden,  Colorado . 4006 

Comell-Dubilier  Electric  Corp. 

333  Hamilton  Blvd. 

South  Plainfield,  N.  J . 2725-2727 

Cossor  (Canada)  Limited 
301-303  Windsor  St. 

Halifax,  Nova  Scotia 

Canada . M-6 

Cowan  Publishing  Corp. 

300  W.  43rd  St. 

New  York  36,  N.  Y . 4210 


Corning  Glass  Works 

Coming.  N.  Y . 2530,  2532 

2635,  2637 

Charles  L.  Ramrill  Sc  Co.,  Inc. 

Re:  Coming  Glass  Works 
339  East  Ave. 

Rochester  8.  N.  Y . 2530,  2532 

2635,  2637 


Cox  &  Co.,  Inc. 

115  East  23rd  St. 

New  York  10,  N.  Y . 2741 

Craig  Systems,  Inc. 

90  Holten  St. 

Danvers,  Mass . 1325 

Cramer  Controls  Corp. 

Centerbrook,  Conn . 2433 

Crosby  Laboratories,  Inc. 

Box  233,  Robbins  Lane 
Hicksville,  L.  I.,  N.  Y . 1415 

Cubic  Corp. 

5575  Kearny  Villa  Rd. 

San  Diego  11,  Calif . 1801 

James  Cunningham  Son  &  Co.,  Inc. 

P.O.  Box  516 
33  Litchfield  St. 

Rochester  8,  N.  Y . 2813 

Curtis  Development  Sc  Mfg.  Co. 

3266  North  33rd  St. 

Milwaukee  16,  Wis . 2827 
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NEW  RADIAL  SERIES 


NEW  PARALLEL  SERIES 


NEW  CO-AXIAL  SERIES 


Incorporated 


BRIDGEPORT  I,  CONN. 


Cnrtis-Wiisht  Corp. 

ElectitMiics  Div. 

631  Central  Ave. 
Carlstadt,  N.  J . 


Cntler-Hammer,  Inc. 
315  N.  12th  St. 
Milwaukee  1,  Wise... 


wifH  Qrecrter 

. . .  extreme  mintoturization! 


Daco  Instrument  Co. 
Tillary  &  Prince  Streets 
Brooklyn  1,  New  York. . , 


The  latest  additions  to  the  growing  line 
of  "Vitramon”  Gipacitors  feature  smaller 
mounting  area,  lower  inductance,  and  more 
versatility  of  application  —  plus  all  the  phe¬ 
nomenal  elearical  characteristics  for  which 
"Vitramon”  Capacitors  are  noted  —  fine 
silver  electrodes  fused  to  pure  porcelain 
enamel,  perfectly  bonded  to  provide  stabil¬ 
ity,  wide  temperature  range,  humidity  im¬ 
munity,  low  loss,  low  noise. 


Dage  Electric  Co.,  Inc. 
67  N.  2nd  St. 

Beech  Grove,  Ind . 


Dale  Products,  Inc. 
P.O.  Box  136 
Columbus,  Nebraska 


The  Daven  Company 
530  W.  Mt.  Pleasant  Ave. 
Livingston,  N.  J . 


Bryan  Davis  Publishing  Co.,  Inc. 
52  Vanderbilt  Ave. 

New  York  17,  N.  Y . A 


An  extension  of  the  A/R  Series, 
giving  minimum  size  at  300  volt 
rating  up  to  100  mmf. 

•  Thin  design  —  5 '64"  to  7/64" 

o  Versatile  mounting  —  can  be 
used  axially,  radially,  or  on 
edge 

•  Ideal  for  minute  circuit  assem¬ 
blies 


Daystrom,  Inc. 

430  Moimtain  Ave. 
Murray  Hill,  N.  J. 


Insulates 
and  Protects 
Aluminum 


Dearborn  Electronic  Laboratories, 
Inc. 

1421  N.  Wells  St. 

Chicago  10,  Ill . 21 


Decade  Instrument  Co. 
Box  153 

Caldwell,  N.  J . 


Features  both  leads  from  one  small 
face  for  miniature  printed  board 
applications 

•  Tiny  mounting  area  —  11/64"  x 
9/32" 

•  Lead  spacing  0.2" 

•  Capacitance  through  1000  mmf. 
at  100  vdc 

o  Designed  for  automatic  inser¬ 
tion 

o  Packed  for  cartridge  feeding 


Martin  Hard  Coating  is  a  tough 
abrasion  resistant  coating  applied  to 
aluminum  and  its  alloys  by  an  electro¬ 
chemical  process.  Martin  Hard 
Coated  aluminum  alloys  can  replace 
many  brass,  bronze  and  steel  parts 
for  sliding  types  of  wear  applications. 
As  an  insulator,  it  will  withstand 
voltage  breakdown  from  500  to  3700 
volts. 

Typical  applications  include; 

Transistors— 

Coating  the  wafer  to  act  as  an  in¬ 
sulator  and  heat  sink  to  withstand 
breakdown  voltage  of  6U0  volts 
minimum  and  temperatures  to  melt¬ 
ing  point  of  aluminum. 

Tuning  Mechanisms— 

Coating  intricate  and  precision  dial 
mechanisms  offers  remarkable  re¬ 
sistance  to  industrial  and  salt  at¬ 
mospheric  exposures. 

Electronic  Components— 

Coating  moveable  parts  on  controls, 
tuning  devices,  switches,  relays, 
connectors  and  any  aluminum  part 
that  may  be  subjected  to  wear,  gas 
fumes,  moisture  or  dust. 


DeJur-Amsco  Corp. 

45-01  Northern  Blvd. 
Long  Island  City  1,  N.  Y. 


Del  Electronics  Corp. 
521  Homestead  Ave. 
Mount  Vernon,  N.  Y. 


Deltime,  Inc. 

608  Payette  Ave. 
Mamaroneck,  N.  Y. 


Offers  feed-through  and  standoff 
geometry,  retaining  traditional  ex- 

Zcellent  electrical  properties  typical 
of  "Vitramon"  Capacitors.  Provides 
— terminal  usable  as  stud,  eyelet,  or 
la  ‘"'a  W 

/u// av  •  Compatible  with  MIL-C-109S0B 

j¥  /  ’  requirements 

/  •  Very  low  inductance 

•  Flexible  leads 

•  Maximum  height  from  mounting 
surface  1/4"  for  1000  mmf. 
unit 

Standard  Axial  Series  and  Axial  Radial  Series 

#  These  two  rugged,  standard  capac¬ 
itor  series  have  capacities  from 
0.5  mmf.  to  6800  mmf.  Standard 
tolerance  is  ±:5'?  of  nominal. 
I  with  a  minimum  of  ±0.25  mmf. 

Closer  tolerances  also  available. 


DeMornay-Bonardi  Corp. 
780  S.  Arroyo  Parkway 
Pasadena,  Calif . 


Derivation  &  Tabulation  Associates, 
Inc. 

67  Lawrence  Ave. 

West  Orange,  N.  J . 3035 


Design  Tool  Corp. 
80  Washington  St. 
New  York  6,  N.  Y. 


The  Deutsch  Company 
7000  Avalon  Blvd. 

Los  Angeles  3,  Calif... 


The  Deutsch  Co. 
211-05  75th  Ave. 
Bayside,  L.  I.,  N.  Y. 


Request  your  copy  of  "Martin  Hard  Coating' 
by  writing  to—  , 


See  Ut  At  The  I.R.E.  Show, 
Booth  Nos.  2401  &  2403 


Tobe  Deutschmann  Corp. 
921  Providence  Highway 
Norwood,  Mass . 


Dialight  Corp. 
Brooklyn  37,  N.  Y. 
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Krohn-Hite 

POWER 

SUPPLIES 


FEATURING 

•  ULTRA-HIGH 
REGULATION-0.001% 

•  HUM  and  NOISE  LESS 
THAN  100  MICROVOLTS 

•  IMPEDANCE 

0.1  OHM  A-C  TO  100  KC 
WITH  NO  PEAKS 


The  Krohn-Hite  Power  Supplies  Line 


UHR-220** 


UHR-240* 


UHR-225* 


UHR-245* 


Voltaie  Cuirenl  Reiulation  Prict 


0-500V 


O-SOOv 


ly-soov 


0-200ma 


O-SOOma 


0-200nia 


0.001% 


0.001% 


0.002% 


150-500V  0-500ma  0.002%  $425.00 


$390.00 


$625.00 


$275.00 


UHR-230R  two  Models  UHR-220.  Rack  Mounted  $730.00 


UHR-235R  two  Models  UHR-225.  Rack  Mounted  $560.00 


Two  isolated  6.3v  a  c  sources  in  all  models 

5-12.6V.  2.5a  d-c  source  in  model  240 

0-1 50v  d-c  bias  source  in  models  220  and  240 


'Available  tor  rack  mounting  at  $5.00  additional. 
"Available  for  rack  mounting  at  $10.00  additional. 


For  further  information  on: 

•  Filters 

•  Power  Supplies 

•  Oscillators 

•  Power  Amplifiers 
write  for  our  free  catalog  D 


Krohn-Hite 

CORPORATION 

S80  MASSACHUSETTS  AVENUE 
CAMBRIDGE  39,  MASS.,  U.  S.  A. 


See  us  at  the  I.R.E.  Show,  Booth  #3314 
CIRCLE  268  READERS  SERVICE  CARD 


Diamond  Antenna  A  Microwave 


Corp. 

7  N.  Ave. 

Wakefield,  Mass . 3237-3239 

Diamonite  Products  Div. 

United  States  Ceramic  Tile  Co. 

1232  Cleveland  Ave.  N.  W. 

Canton  3,  Ohio . 4217 

Diehl  MfK.  Co. 

1157  Findeme  Ave. 

SomerviUe,  N.  J . 2237 

Digital  Equipment  Corporation 
Maynard,  Mass . 1511 

Digltronics  Corp. 

Key  Electric  Division 
Albertson  Ave. 

Albertson,  N.  Y . 1730 

Dixon  Corp. 

Burnside  St. 

Bristol.  R.  1 . 4212 

Donner  Scientific  Co. 

888  Galindo  St. 

Concord,  Calif . 3616-3618 

Douglas  Microwave  Co.,  Inc. 

252  E.  Third  St. 

Mount  Vernon,  N.  Y . 3712 

Dow  Coming  Corp. 

Midland,  Mich . 4106-4108 

Drake  Manufacturing  Co. 

1713  W.  Hubbard  St. 

Chicago  22,  Ill . 2809 

Wilbur  B.  Driver  Co. 

1875  McCarter  Highway 

Newark  4,  N.  J . 4204-4206 

Driver-Harris  Co. 

201  Middlesex  St. 

Harrison,  N.  J . 4420-4422 

Dnmont-Airplane  and  Marine 
Instm.,  Inc. 

Clearfield,  Pa . 3061 


Allen  B.  DuMont  Labs.,  Inc. 

760  Bloomfield  Ave. 

Clifton.  N.  J . 3201-3203 

3301-3305,  3705-3707 

E.  I.  du  Pont  de  Nemours  A  Co.,  Inc. 
10  &  Market  Sts. 

Wilmington  98.  Del . 4316-4318 

E.  I.  du  Pont  de  Nemours  A  Co. 
Nemours  Bldg.,  Room  2521 
Wilmington,  Delaware  ..4412  A  4414 

Dora- Plastics  of  New  York,  Inc. 


303  5th  Ave. 

New  York  16,  N.  Y . 4026-4027 

Dynac,  Inc. 

395  Page  MUl  Rd. 

Palo  Alto,  Calif . 3017-3018 

Dyna-Empire,  Inc. 

1075  Stewart  Ave. 

Garden  City.  L.  I.,  N.  Y . 1711 

Dynapar  Corp. 

5150  Church  St. 

Skokie.  HI . 3118 


ESC  Corporation 
534  Bergen  Blvd. 

Palisades  Park,  N.  J . 2843 


GUDEBROD 
LACIMG 
TAPES  ARE 
USED  IM 

COMMUMICATIONI, 
UTILITIES 
&  MILITARY 
AS  WELL  AS 
RESEARCH 
PROJECTS. 

CAM  WE 
HELP  YOU? 

Gudebrod  flat  braided  lacing 
tapes  hold  harness  securely — 
no  bite-through  or  slip,  yet  are 
easy  on  the  hands.  Some  resist 
high  temperature,  some  are 
color-coded  . .  •  and  they  come 
wax-coated  or  wax-free  .  .  . 
rubber-coated  ...  or  with  spe¬ 
cial  coating.  Gudebrod  makes 
many  tapes  for  many  pur¬ 
poses,  including  defense  work. 
Send  us  your  lacing  problems 
or  your  specifications  .  .  .  we 
con  supply  the  answer  to  both. 

Gl/DELACE  •  Gl/DE-mACE 

GUDELACEff  •  TEELACE 

GUDEBROD  BROS.  SILK  CO.,  INC. 

ELECTRONICS  DIVISION 

225  W.  34th  St.,  New  York  1,  N.  Y. 

EXECUTIVE  OFFICES 

12  South  12th  St.,  Philadelphia  7,  Pa. 
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Eastern  Industries,  Inc. 

100  Skiff  St. 

Hamden  14,  Conn . 2132  &  2133 

Eastern  Precision  Resistor  Corp. 

675  Barbey  St. 

Brooklyn  7,  N.  Y . 2130 

Edin  Company,  Inc. 

207  Main  St. 

Worcester  8,  Mass . 3064-3065 


Eitel-McCuIlon;h,  Inc. 

798  San  Mateo  Ave. 

San  Bruno,  Calif . 2409*2412 

AGA  Division 

Elastic  Stop  Nut  Corp.  of  America 
1027  Newark  Ave. 

Elizabeth  3,  N.  J . 2242 

ELCO  Corp. 

“M”  St.  below  Erie  Ave. 

Philadelphia  24,  Pa . 2234 

Eldico  Electronics 

Div.  Radio  Engineering  Labs.,  Inc. 

29-01  Borden  Ave 

Long  Island  City  1,  N.  Y . 1710 


Electralab  Incorporated 
Industrial  Center 

Needham  Heights  94,  Mass.  ...2001 

Electra  Mfg.  Co. 

4051  Broadway 

Kansas  City  11,  Mo . 3916-3918 

Electric  Regulator  Corp. 

Pearl  St. 

Norwalk,  Conn . 2306 

Electrical  Industries 

Div.  Philips  Electronics  Qorp. 

691  Central  Ave. 

Murray  Hill,  N.  J . 2526-2528 

The  Electric  Auto-Lite  Co.  . 
Champlain  Street 

Toledo  1,  Ohio . 4133 

Electrical  dc  Physical  Instrument 
Corp. 

42-19  27th  St. 

Long  Island  City  1,  N.  Y . 3240 

Electro  Devices  Co.,  Inc. 

580  Main  St. 

Wilmington,  Mass . 4107 

Electro-Flex  Heat,  Inc. 

83  Woodbine  St. 

Hartford  6,  Conn . 3841 

Electro  Impulse  Laboratory,  Inc. 

208  River  St. 

Red  Bank,  N.  J . 3316 

Electro  Instruments,  Inc. 

3794  Rosecrans  St. 

San  Diego  10,  Calif . 3614 

Electro-Measurements,  Inc. 

7524  S.  W.  Macadam  Ave. 

Portland  1,  Ore . 3010-3011 

Electro-Mechanical  Instrument  Co. 
8th  and  Chestnut  Sts. 

Perkasie,  Penn . 3225 

Electro-Mec  Laboratory,  Inc, 

47-51  33rd  St. 

Long  Island  City  1,  N.  Y . 2713 

Electro-Pulse,  Inc. 

11861  Teale  St. 

Culver  City,  Calif . 3611-3613 


COMPACT! 

GRAYHILL 

Miniature  Rotary  Tap  Switches 


Raqucsf 
Catalog 
No.  M  202 


Positive  detent  action  for  precision  require¬ 
ments.  Designed  and  built  for  long  life  and 
dependable  service. 

Available  with  up  to  10  positions  per 
deck  and  from  1  to  10  decks.  Short¬ 
ing  or  non-shorting  version. 

Spring  Return 

With  up  to  4  detent  positions 
plus  a  momentary  spring  re¬ 
turn  position.  Available  1  to 
t  3  decks 


Shown 
Actual  Size 


“Mi 


TmUphonm  fl^^twood  4*1040 
523  Hill9rov«  Av«nii«  •  lo  Orofis*,  lllinoit 


SEE  us  IN  BOOTH  NO.  2317  AT  THE  l.k.E.  SHOW. 
CIRCLE  270  READERS  SERVICE  CARD 


RELIANCE 

MICA 

serves 
so  many 
industries 

For  almost  three  dec¬ 
ades,  RELIANCE  Mica 
fabrications  have 
played  a  critical  role 
in  the  development  -of 
many  industries.  Wher¬ 
ever  application  re¬ 
quirements  call  for  mica 
insulation  to  meet  close 
tolerances  and  rigid 
specifications,  you  can 
rely,  on  RELIANCE  for  o 
high  quality  product. 
Take  advantage  of  our 
design  and  engineering 
stbff  ...WRITE  TODAY! 

RELIANCE 

MICA 

COMPANY,  INC. 

341  39th  St., 

B  klyn.  32,  N.  Y. 


CAN  RELIANCE 
MICA  SERVE 
YOU,  TOO? 


REUANCE  MICA  CO.,  INC. 

341  39tta  St.,  B'klyn.  32,  N.  Y. 

G«ntl*ni*n: 

PtMM  Mnd  litaratur*  on  RELIANCE  Mica. 
Ploasa  Mnd  quototion  on  ancloMd  spocs. 


B' 


NAME . 

COMPANY . 

ADDRESS . 

CITY . 

. STATE . 
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. . .  measure 

STYLE  A  _ 

of  performance 
in  miniature  capacitors 

There  can  be  only  one  rule  —  one  measure  of  EFCON  style  c 

capacitor  performance  —  close  tolerance 
PERFORMANCE.  Consider  EFCON 's  proven  advantages: 

•  low  dialectric  absorption 

•  negative  temperature  coefficient  in  the  order  of  style  d 

100  PPM/C 

•  the  lowest  dissipation  factor  of  any  film  capacitors 

•  tested  DC  voltage  of  at  least  200%  of  rated  voltage 
at  25°C. 

STYLE  V 

Efcon  Polystyrene,  Mylar  and  Teflon  capacitors  are 
available  in  tubes  from  .001  to  2  mfds.  Hermetically 
sealed  rectangular  containers  are  available  up  to 
10  mfds.  in  tolerances  of  closer  than  ±1%.  j^yle  w 

Specify  efcon  for  precision  applications,  and  you 
specify  the  standard  for  the  electronics  industry. 

^nd  for  applications  bulletin.  y 

department  e-1.  epcon,  division  of 

ELECTRONIC  FABRICATORS,  INC. 

682  BROADWAY.  NEW  YORK  12,N.Y.  TELEPHONE:  SPring  7-4900  ^^yle  Z 

Visit  our  exhibit  at  Studio  M,  Barbizon  Plaza,  106  Central  Park  South,  after  5  P.  M.  during  the  IRE  show. 
CIRCLE  272  READERS  SERVICE  CARD 


Empire  Precision  Metal  Parts  Inc. 
574  President  St. 

Brooklyn  15.  N.  Y . 4048 


Electro- Snap  Switch  &  Mfg.  C  . 
4218-30  West  Lake  St. 

Chicago  24,  Ill . 2225 


Electro  Tec  Corp. 

10  Romanelli  Ave. 

So.  Hackensack,  N.  J . 1216-1220 


Electronic  Associates,  Inc. 

Long  Branch  &  Naberal  Aves. 

Long  Branch,  N.  J . 1202-12M 

1206-1288 


Electronic  Industries  Tele-Tech. 
Chestnut  &  56th  Sts. 

Philadelphia  39,  Pa . 4201-4203 


Electronic  Instrument  Co.,  Inc. 

33-00  Northern  Blvd. 

Long  Island  City  1,  N.  Y . 3467 


Electronic  Measurements  Co.,  Inc. 
Lewis  St.  &  Maple  Ave. 
Eatontown.,  N.  J . 3837  &  3839 


Electronic  Research  Assoc.,  Inc. 
Industrial  Village 

Cedar  Grove.  N.  J . 2705 


Electronics  Magazine 
McGraw-Hill  Publishing  Co. 

330  W.  42nd  St. 

New  York  36,  N.  Y . 4401-4403 


Elgin  Metalformers  Corp. 

630  Congdon  Ave. 

Elgin,  Ill . 1229-1231 


Empire  Devices  Products  Corp. 

37  Prospect  St. 

Amsterdam.  N.  Y . 3818-3820 


2112 


Electron  Vtdce,  Inc. 
Cecil  &  Carroll  Sts. 
Buchanan,  Mich.  . . 


1915-1917 


Electronic  Advertiser 
1110  F.  St.,  N.  W. 
Washington  4,  D.  C. . . 


. 4056 


Electronic  AppUcations 
194  Richmond  Hill  Ave. 
Stamford,  Coim . 


1900 


Electronic  Mechanics,  Inc. 
101  Clifton  Blvd. 

Clifton,  N.  j . 


4520 


Electronic  Mechanisms,  Inc. 
Route  9 

Haddam,  Conn . 

Electronic  Periodicals,  Inc. 
2775  So.  Moreland  Blvd. 
Cleveland  20,  Ohio . 


Electronic  Tube  Corp. 
1200  E.  Mermaid  Lane 
Chestnut  Hill 
Philadelphia  18,  Pa — 


Elgin  National  Watch  Co. 

107  National  St. 

Elgin,  Ill . 


2426 


Emerson  &  Cuming,  Inc. 
869  Washington  St. 
Canton,  Mass . 


1822 


Engelhard  Industries,  Inc. 
Baker  Platinum  Div. 

113  Astor  St. 

Newark  2,  N.  J . 


1615 


4501 


3112-3113 


Computer—  Controls— Components 
Design— Development— Manufacturing 

You  can  be  assured  of  ideal  working  conditions  at  well  located  Librascope.  Why? 
Because  of  the  physical  plant:  air-conditioned,  ultra-modern;  the  location:  at  the 
edge  of  the  foothills;  near  Los  Angeles,  Hollywood  and  the  pleasant  residential  family 
areas  of  Burbank,  Glendale,  Pasadena. 

A  company  with  highest  professional  and  technical  standards.  If  you  are  an  M.E.  or 
E.E.,  mathematician  or  physicist,  interested  in  Analog  or  Digital  Computers  •  Logical 
Design  •  Instrumentation  •  Servo  Mechanisms  •  Electro-mechanical  •  Systems 
•  Transistor  Applications  •  Controls  for  commercial  and  Military  Equipment,  you're 
invited  to  investigate  the  opportunities  at  Librascope  which  has  just  held  its  20th 
Anniversary  -  a  sound,  stable  organization  growing  with  automation.  Write  Glen 
Seltzer,  Employment  Manager.  ■ 


LIBRASCOPE  uses 
the  engineering 
project  team 
■A  method. 


Write  today  for  thia 
intereating  booklet 
about  Libraacope. 


LIBRASCOPE, 
INCORPORATED 
808  Western  Ave. 
Glendale,  Calif. 


IBRASCOPE 


follow 


BatBer 


^  under  ideal 
conditions  at 


RASCOPE 


298 


March  14,  J 958  —  ELECTRONICS  engineering  edition 


For 

SERVO  MOTORS 
and 

MOTOR  GENERATORS 


Engelhard  Indostires,  Inc. 
D.  E.  Makepeace  Div. 

Pine  &  Dunham  Sts. 
Attleboro,  Mass . 


Eng^eered  Electronics  Co. 

506  East  1st  St. 

Santa  Ana,  Calif . 

Environmental  Equipment  Co. 
369  Linden  St. 

Brooklyn  27,  N.  Y . 


Epco  Products,  Inc. 
2500  Atlantic  Ave. 
Brooklyn  7,  N.  Y.. , 


Epsco,  Inc. 
Components  Division 
108  CummingtCHi  St. 
Boston  15,  Mass . 


Era  Electric  Corp. 
67  East  Centre  St. 
Nutley,  N.  J . 


Essex  Wire  Corp.,  R-B-M  Div. 
1601  Wall  St. 

Port  Wayne  6,  Ind . 


Eugene  Engineering  Co.,  Inc. 
1217  Hyde  Park  Ave. 

Hyde  Park,  Mass . 


F-R  Machine  Works,  Inc. 
Electronics  &  X-Ray  Div. 
26-12  Borough  Place 
Woodside  77,  N.  Y . 


Fairchild  Camera  &  Instrument 
Corp. 

Robbins  Lane 

Syosset,  L.  I.,  N.  Y . 3505-: 


♦TRANSLATION:  You  Can’t  Beat 
The  Bendix  “Supermarket” 


Our  “supermarket”  of  rotating  compo¬ 
nents  offers  a  larger  variety  of  high- 
precision,  low-inertia  servo  motors,  rate 
generators  and  servo  motor  generators 
than  any  other  single  source.  Bendix  units 
are  available  in  frame  sizes  5,  8,  10,  11, 
15,  20  and  28;  they  meet  or  exceed 
practically  any  applicable  specification 
and  include  both  corrosion-resistant  and 
high-temperature  models.  Volume-pro¬ 
duction  prices.  Immediate  delivery  in 
many  cases.  Why  not  find  out  about  our 
“supermarket”  service! 

FEATURING 

CENTER-TAPPED 


Fairchild  Controls  Corp. 
Components  Div. 

225  Park  Ave. 

HlcksviUe,  L.  I.,  N.  Y . 


Fairchild  Publications,  Inc. 
7  E.  12th  St. 

New  York  4.  N.  Y . 


Falstrom  Co. 
Falstrom  Court 
Passaic,  N.  J _ 


Fansteel  Metallurgical  Corp. 

North  Chicago,  Ill . 4021  &  4022 


Farwell  Metal  Fabricating  Div. 
75  W.  Fairfield  Ave. 

St.  Paul  7,  Minn . 


Federal  Shock  Mount  Corp. 
1060  Washington  Ave. 

New  York  56,  N.  Y . 


.  .  .  for  use  in  transistor  circuits  and  for 
either  parallel  or  series  operation.  Reduce 
size  and  weight  of  transistorized  packages 
by  eliminating  coupling  transformers. 
Standard  models,  or  will  wind  to  meet 
your  specific  requirements. 


Federal  Tool  Engineering  Co. 
1384  Pompton  Ave. 

Cedar  Grove,  N.  J . 


Feedback  Controls,  Inc. 
99  Main  St. 

Waltham,  Mass . 


Eclipse-Pioneer  > 

Division 

Taterboro,  N.  i. 

District  Offlcai:  Burbank  and  San  FraneiKO,  Calit.j 
Saottle,  Wash.;  Dayton,  Ohio;  and  Washington, 
D.  C.  Export  ^las  &  Sarvico:  Bandix  intarnotional 
Division,  205  E.  42nd  St.,  Naw  York  17,  N.  Y. 


G.  Feisenthal  &  Sons,  Inc. 
342  Madison  Ave. 

New  York  17,  N.  Y . 


Fenwal,  Inc. 
Framingham,  Mass. 
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NEW! 

DCfwACflMlKioilC 
ftftlitili  imwm  fwnffftri 
nvfktti,  frtfvaiKf 


Intorgloctronicg  Inlor- 
vortor  Bolid-gtotg  thyro- 
tron-liko  ond 

magngtic  componontt 
convert  DC  to  any  nom- 
bor  of  voHogo  ro^otod 
or  centroHod  froqooncy 
AC  or  fUtorod  DC  owtpoto 
from  1  to  1800  wottg. 
Ugbt  weight,  compoct, 
90%  or  bettor  convorcion 
offlcioncy. 

Uhro-roKoblo  in  oporo- 
tion,  no  moving  pmtg, 
onhormod  by  shorting 
owtput  or  rovorging  input 
polarity.  CompKog  with 
Mil  gpoeg  for  gheck,  ck- 
coiorodon,  vibration,  tom* 
poraturo,‘RF  noigo. 

Now  in  ugo  in  mc^or 
miggilog,  powering  tglo- 
motoring  trongmittorg,  ra¬ 
dar  beacong,  oloctronic 
equipment.  SiiigU  and 
polyphago  AC  output 
unitg  now  power  airborne 
and  marine  miggile  gyrog, 
gynchrog,  gervog,  mag- 
nirtic  ampliflerg. 

Interelectronicg  —  Rrgt 
and  mogt  experienced  in 
the  DC  input  goiid-gtote 
power  supply  field,  pro¬ 
duces  its  own  goKd-gtate 
gating  elements,  all  mag¬ 
netic  components,  has  the 
most  complete  focilitieg 
and  know-how— has  de¬ 
signed  and  delivered 
more  working  KVA  than 
any  other  firmi 

For  complete  engineer¬ 
ing  data  write  Interelec- 
tronics  today,  or  coll 
LUdlow  4-4200  in  N.  Y. 

INTERELECTRONICS 

CORPORATION 

2432  6R.  CONCOURSE,  N.Y.  58,  N.Y. 
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^^^QpQCiS  f/s/s 

IN  STAMPING  AND  DRAWING 


KOVAR  •  RODAR 


•  FERNiCO 

Other  IRON  NICKEL-COBALT  Alloys 


COMPLHE  FACILITIES  FOR  PRECISION 
PRODUaiON  OF  ELECTRONIC  COMPONENTS 

Our  facilities  are  geared  to  meet  your  production 

and  engineering  needs  for  components  of  any  de¬ 

scription.  Unusually  Complete  Tool  Room  «  Press 
Shop  *  Hydrogen  Annealing,  Machining  and  Polish¬ 
ing  Operations  •  Gloss-to-AAetal  Hermetic  Sealing. 
Production  of  completed  parts  ready  for  assembly 
in  your  own  plant. 


CUT  TOOUNG  COSTS! 

Over  3,000  high  precision  tools  and 
dies  available  to  reduce  your  initial 
tooling  time  and  costs. 


A  complete  service  in  our  plant 
means  prompt  service  to  your  plant. 


Call  OH  us  tar  free  consultation  and  quotations. 


ZELL  PRODUCTS  CORP. 

27  9  Main  Street,  Norwalk,  Conn. 


SEE  US  AT  BOOTH  #4045  I.  R.  E.  SHOW 
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TELEPHONE  IND  TELEGRAPH  EQUIPMENT 

Radio  Engineering  Products  is  currently  producing  a  number  of  types  of  equipment, 
electrically  and  mechanically  interchangeable  with  standard  Bell  System  apparatus. 

CARRIER-TELEPHONE  EQUIPMENT 

C5  Carrier-Telephone  Terminal  (J68756).  A  kit  for  adding  a  fourth  toll-grade  channel 
to  existing  C  systems  is  available.  *  Cl  Carrier-Telephone  Repeater  (J68757)  *  121 AC 
Carrier  Line  Filter  •  H  Carrier  Line  Filter  (X66217C). 

CARRIER-TELEGRAPH  EQUIPMENT 

40C1  Carrier-Telegraph  Channel  Terminal  (J70047C)  *  140A1  Carrier  Supply 

(J70036A1,  etc.)  *  40AC1  Carrier-Telegraph  Terminal. 

VOICE-FREQUENCY  EQUIPMENT 

VI  Telephone  Repeater  (J68368F)  •  Power  Supply  (J68638A1)  •  VI  Amplifiers 
(J68635E2  and  J68635A2)  •  V3  Amplifier  (J68649A)  •  V-F  Ringers  (J68602,  etc.)  • 
Four  Wire  Terminating  Set  (J68625G1)  *  1C  Volume  Limiter  (J68736C). 

0-C  TELEGRAPH  EQUIPMENT 

16B1  Telegraph  Repeater  (J70037B)  ■  10E1  Telegraph  Repeater  (J70021A)  ■  128B2 
Teletypewriter  Subscriber  Set  {J70027A). 

TEST  EQUIPMENT 

2A  Toll  Test  Unit  (X63699A)  •  12B,  13A,  30A  (J64030A)  and  32A  (J64032A)  Trans¬ 
mission  Measuring  Sets  *  111A2  Relay  Test  Panel  (J66118E)  *  118C2  Telegraph  Trans¬ 
mission  Measuring  Set  (J70069K)  •  163A2  Test  Unit  (J70045B)  •  163C1  Test  Unit 
(J70045D). 

COMPONENTS  AND  ACCESSORIES 

255A  and  209FG  Polar  Relays  *  Repeating  and  Retard  Coils,  several  types  *  184 
185,  230A  and  230B  Jack  Mountings. 


Ferris  Instrument  Co. 

110  Cornelia  St. 

Boonton.  N.  J . 3205 

Ferroxcnbe  Corp.  of  America 
235  E.  Bridge  St. 

Saugerties,  N.  Y . 2631 

Filmohm  Corp. 

48  West  25th  St. 

New  York  10,  N.  Y . 3234 

Filters,  Inc. 

30  Sagamore  Hill  Dr. 

Port  Washington,  N.  Y . 2812 

Filtron  Co.,  Inc. 

131-15  Fowler  Ave. 


Flushing  55,  L.  I.,  N.  Y . 1502-1304 

John  Fluke  Mfg.  Co.,  Inc. 

1111  W.  Nickerson  St. 

Seattle  99,  Wash . 3413 

Ford  Instrument  Co. 

Div.  of  Sperry  Rand  Corp. 

31-10  Thomson  Ave. 

Long  Island  City  1.  N.  Y . 1101 

1102,  1103 

The  Formica  Corp. 

4614  Spring  Grove  Ave. 

Cincinnati  32,  Ohio . 4404-4406 

Foto-Video  Laboratories,  Inc. 

36  Commerce  Road 

Cedar  Grove,  N.  J . 3016 

Franklin  Electronics  Inc. 

East  Fourth  St. 

Bridgeport,  Pa . 3053 

Freed  Transformer  Co.,  Inc. 

1718-36  Weirfleld  St. 

Brooklyn  27,  N.  Y . 2721,  2723 

Furane  Plastics  Inc. 

4516  BrazU  St. 

Los  Angeles  39,  Calif . 4007 


G 


G-M  Laboratories,  Inc. 

4300  N.  Knox  Ave. 

Chicago  41,  Illinois . 2105 

G-L  Electronics  Co.,  Inc. 

2921  Admiral  Wilson  Blvd. 

Camden  5,  N.  J . 3948 


GPS  Instrument  Co.,  Inc. 

180  Needham  St. 

Newton  Highlands  64,  Mass . 1413 

GOE  Engineering  Co. 

219  So.  Mednik  Ave.,  P.O.  Box  22004 
Los  Angeles  22,  Calif . 3838 

Gabriel  Electronics  Div. 

The  Gabriel  Company 
135  Crescent  Rd. 

Needham  Heights  94.  Mass.  2917-2918 

The  Gamewell  Co. 

Potentiometer  Div. 

1238  Chestnut  St. 

Newton  Upper  Falls.  64,  Mass... 2339 


RADIO  ENGINEERING  PRODUCTS 

1080  UNIVERSITY  ST.,  MONTREAL  3,  CANADA 

TELEPHONE  CABLES 

UNiversity  6-6887  RADENPRO  MONTREAL 


Gardner-Denver  Company 


Quincy.  Ill . 4128-4136 

The  Garrett  Corp. 

AiResearch  Mfg.  Divs. 

9851-9951  Sepulveda  Blvd. 

Los  Angeles  45.  Calif . M'4 
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General  Cement  Manofactnrin;  Co. 
400  S.  Wyman  St. 

Rockford,  lU . 4238 


General  Ceramics  Corp. 
Crows  Mill  Rd. 

Keasbey,  N.  J . 


General  Commonication  Co. 
681  Beacon  St. 

Boston  15,  Mass . . 


1446 

3016 


.2105 

..3948 

..1413 

22004 

..3838 

7-2918 

...2339  j 
28-4130 


INSTRUMENT  . 

SOLDERING  IRONS^ 

—for  fast  soldering  and 
long  life  on  constant  duty 

Because  of  new  efficient  design,  these  tiny  tips 
out-perform  irons  with  larger  tips  and  higher 
wattages.  HEXACON  offers  a  new  standard 
in  soldering  iron  efficiency  for  every  conceiv¬ 
able  need  in  the  soldering  of  miniature 
assemblies. 

Send  for  new  circular  No.  127  giving  more 
details  and  comparative  competitive  perform¬ 
ance  data. 


SUPER-PENCIL  IRONS* 

N0.25S  25w.  1/8"  tip  $6.00 
N0.26S  30w.  3/16"  tip  $6.00 


V  BANTAMWEIGHT  1 

HATCHET  IRONS*  ' 

N0.25H  25w.  1/8"  tip  $6.50 
No.  26H  30w.  3/16"  tip  $6.50 


PIN-POINT^^P'V 
IRONS*  1 

No.P-25A25w.l/8"tip  $6.00 
No.  P-26  30w.  3/16"  tip  $6.00 

*Afto  availabi*  in 
higher  wottogas 


See  ui  at 
booth  4012 
I.R.f.  SHOW 


HEXACON  ELECTRK  COMPANY 

1 30  West  Qay  Ave.,  Roselle  Poffc,  New  Jersey 


Gates  Radio  Co. 

123  Hampshire  St. 
Quincy,  Ill . . 


General  Bronze  Corp. 
711  Stewart  Ave. 
Garden  City,  N.  Y.... 


1306-1308 


1109 


1319 


3063 


General  Dynamics  Corp. 
Electric  Boat  Division 
Groton,  Conn . . 


General  Magnetic  Corp. 
10001  Erwin  Ave. 

Detroit  34,  Mich . 


The  Gerber  Scientific  Instrument 
Co. 

162  State  St. 

Hartford  1,  Conn . M-1 


3053 

2723 

.4007 


Delco  Radio  Div. 
General  Motors  Corp. 
700  E.  Pirmin  St. 
Kokomo,  Ind. 


General  Precision  Lab.,  Inc. 
63  Bedford  Rd. 

Pleasantville,  N.  Y . 


General  Resistance,  Inc. 

577  E.  156th  St. 

New  York  55,  N.  Y . 3950 


M-13 


General  Electric  Co. 

Apparatus  Sales  Div. 

1  River  Rd.,  Bldg.  No.  14 

Schenectady  5,  N.  Y . 2924 

2928-2932 


General  Components,  Inc. 

225-229  E.  144th  St. 

New  York  51,  N.  Y . 4048 


General  Electronic  Labs.,  Inc. 

18  Ames  St. 

Cambridge  42.  Mass . 3003,  3004 


Micamold  Division 
General  Instrument  Corp. 
1087  Flushing  Ave. 
Brooklyn  37,  N.  Y . 


2217 


Radio  Receptor  Subsid. 

General  Instrument  Corp. 

240  Wythe  Ave. 

Brooklyn  1,  N.  Y . 2211-2213 


General  Controls  Co. 
801  Allen  Ave. 
Glendale  1,  Calif.  .. 


Industrial  Division 

General  Findings  &  Supply  Co. 

Leach  &  Gamer  Bldg. 

Attleboro,  Mass . 4018 


General  Instrument  Corp. 
Automatic  Mfg.  Div. 

65  Gouvemeur  St. 

Newark  4,  N.  J . 


2215 


General  Radio  Co. 

275  Massachusetts  Ave. 
Cambridge  39,  Mass... 


3302-3310 


General  Transistor  Corp. 
87-11  130th  St. 

Richmond  Hill,  N.  Y.  . . . 


3828 


Compression  and  Kovor  1 

HERMETIC 

SEALS 


SU  Hermetk  Seok  Enjoy 
Thtso  Desirabie  Choraderistks: 


‘The  Seal  of  Excellence 


AAooting  Ih*  over-increotlng  standards  of  porfoction 
oslablishad  by  Iho  oloctronics  Industry  is  a  chat- 
long*  admirably  mat  by  Zell's  highly  skilled  engi¬ 
neers.  They  are  able  to  exercise  unusually  rigid 
quality  controls  because  all  production  operations 
ore  carried  out  in  Zell's  own  completely  equipped, 
ultra  modern  plant. 

fPiCIALISTS  IN  STAMPING  AND  DRAWING  KOVAR 
—  RODAR  —  THERIO  -  FERNICO  AND  OTHER  AllOVS 
Seal  Engineer*:  excellent  position  open,  write:  . 


*feie»*r«i.  HU’S  seu  PUT!  wTtnstmbs  tw 
MOST  STimciNT  numiSTOR  ETCN  TESn  OEVISU. 
Or  Nifli  rtsislMK*  te  aMckaitcal  snt  ttsmsl  skeck. 
it  ticdtaat  tIectricM  ■noeities. 
it  Ti^  MawMieuI  teieraiices. 

W  Eatf  wtiesMIlU  sot  seWtrMlitr. 

AU  FACIUTIES  UNDER  ONE  ROOF 

e  CNMitte  ttel  rteei  fKHKies. 

•  (S  P*atr  Pretsn  (te  Se  twn). 

•  kteMe  Stic*  WMiliiit.hisikf  fWMcts. 

•  Mvaect*  plaliec  facifltits  ter  Wcktl,  CeM,  Tie,  C<S> 
■iaa,  C«ek»r.  STl«*r,  tic. 

•  Ctmplet*  ilMS  iKiliUct. 

•  Mns  SpedrwMttr  leak  tastikg. 

KU  enciiwtrs  control  e«*ry  process  e«*nr  step  Of  Ike 
wey,  assurini  uniform  quality  end  performence. 

REPRESfNMriVES:  Tour  Inquiritt  inviMI 


tomplHanott  of  our  facUHiot  owures  fho  cowpletenes*  of  your  setisfotfioni 
CIRCLE  277  READERS  SERVICE  CARD 
SEE  US  AT  BOOTH  #4045  I.R.E.  SHOW 


edifion 


electronics  engineering  edition  —  March  14,  1958 


CIRCLE  270  READERS  SERVICE  CARD 


301 


Wfi/TE  FOR  CATALOG 
OF  fNT/R£  LINE 

MODEL  RECTIFIER 
CORPORATION 

1065  Utica  Ave 

Brooklyn,  New  York 


Thorough  and  versotile!  Efficiently 
powers  all  transistor  circuits.  Unpar¬ 
alleled  performance  and  price. 

•  AC  OPERATED,  delivers  0-60  volts 
DC  at  currents  up  to  1  000  milli- 
ampcres. 

•  SUPERIOR  to  conventional  DC 
power  supplies  specified  for  vacuum 
tube  high  voltage  range  and  ottering 
erratic  reactions  when  used  at  low 
tronsistor  voltages. 

•  CONTINUOUSLY  VARIABLE, 
equivalent  to  a  battery.  High  power. 

•  RIPPLE  SUPPRESSION  below  .05°o 
at  rated  current,  by  two  section 
choke  input  filter. 

•  COMPLETE  Controls,  front 

panel  switch-type  magnetic  circuit 
breaker,  neon  pilot  light,  Powerstot 
output  control,  multirange  voltmeter 
and  milliameter  and  output  binding 
posts.  Meters  accurate  to  2°o,  read¬ 
able  at  distance.  Height  lO’a",  Width 
7  ",  Depth  9’ 4",  21  lbs. 
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HIGH 

POWER 

at  TRANSISTOR 
VOLTAGES 


Model  DV  60-2 
Transistor 


POWER  SUPPLY 


Gertsch  Prodacts,  Inc. 

3211  So.  La  Cienega  Blvd. 

Los  Angeles  16.  Calif . 3701-3703 

G.  M.  Giannini  &  Co.,  Inc. 

918  E.  Green  St. 

Pasadena  1,  Calif . 3509-3511 

Glasseal  Products  Co.,  Inc. 
nil  E.  Elizabeth  Ave. 

Linden,  N.  J . 3945 

Glass-Tite  Industries,  Inc. 

88  Spectacle  St. 

Cranston  10,  R.  1 . 4122 

Globe  Industries.  Inc. 

1784  Stanley  Ave. 

Dayton  4,  Ohio . 2844 

Goldsman  Co. 

1325-27  No.  Lawrence  St. 
Philadelphia  22,  Pa . 4111 

John  Gombos  Co.,  Inc. 

111  MontgCHnery  Ave. 

Irvington  11.  N.  J . 2435,  2437 

Good-All  Electric  Mfg.  Co. 

112  West  1st  St. 

Ogallala,  Neb . 2236 

B.  F.  Goodrich  Sponge  Products  Div. 
B.  F.  Goodrich  Co. 

469  Derby  Place 

Shelton,  Conn . 3232 

Gordos  Corporation 
250  Glenwood  Ave. 

Bloomfield,  N.  J . 3951 

Gorham  Mfg.  Co. 

333  Adelaide  Ave. 

Providence  7,  R.  1 . 3819 


Gould-National  Batteries,  Nicad  Div. 
Inc. 

172  Pleasant  St. 

Easthampton,  Mass . 1821 

Grant  Polly  &  Hardware  Corp. 

High  Street 

West  Nyack,  N.  Y .  1118 

Grayhill,  Inc. 

561  Hillgrove  Ave. 

La  Grange,  Ill . 2317 


Great  Eastern  Metal  Products  Co. 
Div.  of  GEMP  Manufacturing  Corp. 
22  Woodworth  Ave. 

Yonkers  2,  N.  Y . 4112 

Green  Instrument  Co.,  Inc. 

385  Putnam  Ave. 

Cambridge  39,  Mass . 4311 

The  Greenleaf  Mfg.  Co. 

7814  Maplewood  Industrial  Court 
St.  Louis  17,  Mo . 2338,  2340 

Gremar  Manufacturing  Co.,  Inc. 

7  North  Ave. 

Wakefield,  Mass . 2241 

Gries  Reproducer  Corp. 

125  Beechwood  Ave. 

New  Rochelle,  N.  Y . 4042 

Grimson  Color,  Inc. 

381  Fourth  Ave. 

New  York  16,  N.  Y . 4242 


Guardian  Electric  Mfg.  Co. 

1621  West  Walnut  St. 

Chicago  12,  Ill . 1911 

2502,  2504 

Gudebrod  Bros.  Silk  Co.,  Inc. 

225  W.  34th  St. 

New  York  1,  N.  Y . 4025 


DC/AC  CHOPPERS 


•  ADVANCED  DESIGN 

•  HIGH  STABILITY 

•  LONG-LIFE 


New  and  advanced  designs  by  Collins 
Electronics  Manufacturing  Corporation 
now  make  possible  a  series  of  precision 
miniature  choppers  unique  in  reliability, 
stability  of  operating  characteristics  and 
long  service  life. 

This  new  series  of  choppers  is  manu¬ 
factured  in  S.P.D.T.  types  in  both  break- 
before-make  and  make-before-break 
models.  Make-before-break  models  are 
unique  in  that  the  force  developed  by  the 
vibrating  element  is  exerted  to  hold  the 
working  contacts  closed  rather  than  to 
hold  the  non-working  contacts  open  as  in 
conventional  designs.  This  results  in  firm 
contact  closure,  high  contact  pressure 
and  impervioiKness  to  disturbances 
caused  by  shock  and  vibration. 

Write  today  for  detailed  brochure  listing 
all  types  available  with  applicable  tech¬ 
nical  information. 

SEE  BOOTH  3836  IRE  SHOW 
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The  Gndeman  Co. 
340  W.  Huron  St. 
Chicago  10,  Ill - 


GuUon  Industries,  Inc. 
212  Durham  Ave. 
Metuchen,  N.  J . 


industry’s  preferred  "instrument  of  a  thousand 
uses'*.  Accurate,  rugged,  versatile  STANDARD 
Elapsed  Time  Indicators.  Synchronous  motor  drive. 
Electric  clutch  controlled  by  manual  or  automatic 
switch  or  output  of  electronic  tubes.  Manual  or 
electric  zero  reset.  Units  for  flush  panel  mounting 
or  portable  use. 


Hallibnrton,  Inc.,  Manufacturing 
DIv. 

4724  So.  Boyle  Ave. 

Los  Angeles  58,  Calif . 4501-41 


Hardwick,  Hindle,  Inc. 
40  Herman  St. 

Newark  5,  N.  J . 


Harrison  Laboratories,  Inc. 
45  Industrial  Rd. 

Berkeley  Heights,  N.  J . 


MNEl  MOUNTED 


6000  sec 


S-100 


Harvey -Wells  Electronics,  Inc. 
5168  Washington  St. 

West  Roxbury,  Mass . . 


d:.6002  min. 


Hastings-Raydist,  Inc. 
Engineering  &  Research  Div. 
Super  H’way  Pine  Ave. 
Hampton,  Va . 


1/1000  sec 


1/1000  sec 


Haveg  Industries,  Inc. 

900  Greenbank  Rd. 
Wilmington  8,  Delaware 


Request  BulleHn  No.  19«. 


POUTAUE 


Hayden  Publishing  Co. 
830  3rd  Ave. 

New  York  22,  N.  Y.  . . . 


THE  STANDARD  ELECTRIC  TIME  COMPANY 


89  LOGAN  STRin  •  SPRINGFilLD,  MASSACHUSmS 
CIRCLE  281  READERS  SERVICE  CARD 


A.  W.  Haydon  Co. 

232  Elm  St. 
Waterbury  20,  Conn. 


Haydon  Switch,  Inc. 
536  So.  Leonard  St. 
Waterbury  20,  Conn. 


Heinmann  Electric  Co. 

610  Plum  St. 

Trenton  2,  N.  J . 3811,3813 

Helipot  Corp. 

Div.  of  Beckman  Instruments,  Inc. 
Newport  Beach,  Calif . 2602-2606 

Heminway  &  Bartlett  Mfg.  Co. 

500  Fifth  Ave. 

New  York  36,  N.  Y . 4105 

Hermetic  Seal  Corp. 

2937  South  Sixth  St. 

Newark  7,  N.  J . 3936 


FOR  RESEARCH,  CIRCUIT  DEVELOP¬ 
MENT  AND  QUALITY  CONTROL  OF 
TRANSISTORS. 


•  High  accuracy  (±:2.5%) 

•  Dynamic  tracing  of  ontir*.  family  of  curvws 
simuhanoously,  including  — 

•  Internally  generated  calibration  axes  die- 
played  at  all  times 

•  Retrace  net  blanked;  anomalies  clearly 
•  soon 

o  For  all  types  of  transistors  and  power 
transistors.  Permits  rapid  determination 
of  parameters.  For  selecting,  matching 
and  detecting  anomalies  and  refects. 


Hetherington,  Inc. 
1420  Delmar  Drive 
Polecroft,  Pa . 


Hewlett-Packard  Co. 

275  Page  Mill  Rd. 

Palo  Alto,  Calif . 2509-2515 

Hexacon  Electric  Co. 

161  W.  Clay  Ave. 

Roselle  Park,  N.  J . 4012 

Hickok  Elec.  Instrument  Co. 

10514  Dupont  Ave. 

Cleveland  8,  Ohio . 3516-3518 

Hi-G  Inc. 

Bradley  Field 

Windsor  Locks,  Conn . 2114 

Hill  Electronic  Engr.  &  Mfg.  Co. 

300  N.  Chestnut  St. 

Mechanicsburg,  Pa . 1617 


Model  300A  -  POWCX-TransiWer  Curvo 
Tracer  BuHetin  S-667  j 
Model  200A  —  Transistor  Curve  Tracer  —  A 
Bulletin  S-393  M 


MAGNETIC  AMPLIFIERS  INC. 

632  TINTON  AVENUE  •  NEW  YORK  5S,  N.  Y.  •  OPRESS  2-6610 
West  Coast  Division 

136  WASHINGTON  ST.  •  EL  SEGUNDO,  CAL  •  -OREGON  8-266S 
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precision  molded  in  NYLON 

Fr«cit!on  parts  in  NYLON  ara  rapidly  raplacinq  matal 
parts  in  scoras  of  industrias. 

Swanson  an9inaars  hava  ovarcoma  major  difficultias  in 
adapting  injaction  moldings  to  pracision  production  of 
gaars,  slaavas,  collars,  rings,  ate.  that  wara  harato*fora 
considarad  impossibla  to  produca. 

Graat  savings  in  manufacturing  can  ba  affactad  by  tha 
usa  of  injaction  moldad  plastic  parts.  Swanson  angi- 
naars  can  quickly  tall  you  tha  aitant  to  which  your 
parts  can  ba  raplacad  by  NYLON  for  battar  sarvica 
to  your  customars  and  mora  profit  to  you. 


"Enginaars  in  Plastics'* 


Writs  today  for  naw  folder. 
Sand  rough  skatchss,  draw¬ 
ings  or  samplai  of  parts  you 
would  like  to  produca  in 
plastic  for  anginaars  racom- 
mandations  and  quotation. 


V.  H.  Owenson  co.,  inc. 

5S6  Elm  Straat  Arlington,  N.  J. 


CIRCLE  283  READERS  SERVICE  CARD 


SOLID  STATE  PHYSICIST 

B.S.,  M.S.  or  Ph.D.  in  Physics.  To  do 
research  into  the  properties  and  applica¬ 
tions  of  vacuum  evaporated  conducting, 
insulating,  semiconducting,  and  ferro¬ 
magnetic  films. 


ELECTRONIC  ENGINEER 

M.S.  or  Ph.D.  in  Mathematics  or  Elec¬ 
trical  Network  Theory.  Actual  experi¬ 
ence  in  building  and  making  prototype 
electronic  apparatus  work.  Must  under¬ 
stand  the  fundamentals  of  electrical  net¬ 
work  theory,  mathematics  of  complex 
variables,  transforms  (La  Place  and/or 
Fourier),  and  the  use  of  function  theory. 


APPLICATIONS  ENGINEER 

B.  S.  in  Electrical  Engineering  having 
theoretical  and  practical  electronic  back¬ 
ground.  A  minimum  of  three  years  of 
industrial  design  and  development  ex¬ 
perience,  plus  a  background  knowledge 
of  transistor  circuit  design.  Will  design 
reliable  circuits  for  oscillators,  amplifiers, 
flip-flops,  etc.  Will  act  in  the  capacity  of 
a  consultant  on' customer  device  and  cir¬ 
cuit  problems. 


RESEARCH  ENGINEER 

B.S.  or  M.S.  in  Electrical  Engineering  or 
Physics.  Experienced  in  UHF  or  VHF 
circuits  and  measurements,  to  initiate  and 
conduct  a  program  involving  design  of 
high  frequency  transistor  test  equipment. 
Must  also  be  familiar  with  methods  of 
compiling  and  interpreting  data. 


ELECTRONIC  ENGINEER 

B.S.,  M.S.  in  E.E.  Three  or  more  years 
experience  with  Microwave,  Waveguide, 
Circuit,  and  Power  Design. 


TRANSISTOR  DEVELOPMENT 
PHYSICIST 

B.S.,  M.S.  or  Ph.D.  in  Physics.  Two  or 
more  years’  experience  in  the  field  of 
transistor  fabrication  procedures.  Will 
work  on  the  development  of  improved 
processes  for  fabrication  of  fusion  silicon 
transistors  and  evaluating  these  processes 
for  improvement  in  electrical  character¬ 
istics.  This  position  requires  a  thorough 
knowledge  of  transistor  device  theory 
and  some  experience  in  actual  fabrication 
techniques  within  the  present  state  of  the 
art. 


For  all  of  the  above  assigntnents 
direct  inquiries  to  W.  W.  Coupon, 
International  Airport  Station,  Los 
Angeles  45,  California. 


Crt4iting  a 

new  world  ...  ... 

with  \  I 

£L£:cT/eoN/C5nuQ||Es  PRODUCTS  | 

I _ I 

INTEHNATIONAL  AIRPORT  STATION.  LOS  ANGELES  AS.  CALIF. 


Hitemp  Wires,  Inc. 

1200  Shames  Drive 

Westbury,  L.  I  ,  N.  Y . 4424 

Hoffman  Semiconductor  Div. 
Hoffman  Electronics  Corp. 


930  Pitner  Ave. 

Evanston,  Ill . 3830 

Houghton  Laboratories,  Inc. 

322  Houghton  Ave. 

Clean,  N.  Y . 4231 

Harvey  Hubbell,  Inc. 

State  St.  Sc  Bostwick  Ave. 
Bridgeport  2,  Conn . 3832 

Hudson  Tool  &  Die  Co.,  Inc. 

18  Malvern  St. 

Newark  5,  N.  J . 4408-4410 

Huggins  Laboratories,  Inc. 

711  Hamilton  Ave. 

Menlo  Park,  Calif . 3927-3929 

Hughes  Aircraft  Co. 

Florence  &  Teale  Sts. 

Culver  City,  Calif . 2801-2805 

Hull  Corporation 

Hatboro,  Pa . 4114 

Hupp  Electronics  Co. 

743  Circle  Ave. 

Forest  Parks,  Ill . 3935 

Hycon  Eastern,  Inc. 

75  Cambridge  Parkway 
Cambridge  42,  Mass . 3038-3039 

I 

Illinois  Condenser  Co. 

1616  N.  Throop  St. 

Chicago  22,  Ill . 2314 

Licon  Switch  &  Control  Div. 

Illinois  Tool  Works 
2501  No.  Keeler  Ave. 

Chicago  39,  Ill . 3842 

Fastex  Div. 

Illinois  Tool  Works 
195  Algonquin  Rd. 

Des  Plaines,  Ill . 4233 

The  Indiana  Steel  Products  Co. 
Valparaiso,  Ind . 2432-2434 

Induction  Motors  Corp. 

570  Main  St. 

Westbury,  L.  I.,  N.  Y . 2229 

Industrial  Hardware  Mfg.  Company, 
Inc. 

109  Prince  St. 

New  York  12.  N.  Y . 2715 

Industrial  Instruments,  Inc. 

89  Commerce  Rd. 

Cedar  Grove,  N.  J . 3233-3235 

Industrial  Laboratories  Pub.  Co. 

141  E.  44th  St. 

New  York  17.  N.  Y . 4225 

Industrial  Products  Co. 

Div.  of  Amphenol  Electronics 
P.  O.  Box  148 

Danbury,  Conn . 2517-2519 

Industrial  Test  Equipment  Co. 

55  E.  11th  St. 

New  York  3,  N.  Y . 3229 

Industrial  Timer  Corp. 

1407  McCarter  Highway 

Newark  4,  N.  J . 1307-1309 
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Industrial  Transformer  Corp. 
Gouldsboro,  Pa . 


2106 


•  tape  recorder  •  P.  A.  system 

•  portable  TV  set  •  hand  tools 

FROM  YOUR  CAR,  Boat  or  Plane! 


see  YOUR  JOBBER  OR  WRITE  FACTORY 


‘Vajp  Industrial 

Instruments  inc. 

89  Commerce  Road,  Cedar  Grore.  Essei  Count)i  N  J 


Indnstro  Transistor  Corp. 
35-10  36th  Ave. 

Long  Island  City  6,  N.  Y. 


Industrial  Winding  Machinery  Co. 
120  Wall  St. 

New  York  5,  N.  Y . 4407-44 


Inso  Products,  Ltd. 
404  5th  Ave. 

New  York  18.  N.  Y. 


Instrument  Development  Labs.,  Inc, 
67  Mechanic  St. 

Attleboro,  Mass . 3925 


Instruments  for  Industry,  Inc. 
150  Glen  Cove  Road 
Mineola.  L.  I.,  N.  Y . 


FOR  CHANGING  YOUR  STORAGE 
BATTERY  CURRENT  TO 

A.e.  HOUS/HOW  wctwc'Ta.v 

anywhere..-'"  y  Plonel 


Instruments  Publishing  Co.,  Inc. 
845  Ridge  Ave. 

Pittsburgh  12,  Pa . 5 


Instrument  Specialties  Co.,  Inc. 
244  Bergen  Blvd. 

Little  Falls,  N.  J . 


*  Up  to  50,000,000  megohms! 

*  Test  voltage  variable  100-600  vdc! 

*  Uncrowded  4Vi"  meter  scale! 

*  Automatic  capacitor  discharge! 

A  Safe  test  terminals! 

*  Only  $365! 


OPKRATBS 

POKTAtU  TV  SET 
dirtcrfy  from  your  tori 


International  Business  Machines 
Corp. 

590  Madison  Ave. 

New  York  22.  N.  Y . 1225  &  1227 


OPKRATBS  . 

•  TAPI  RECORDERS  c3  —Ail 

•DICTATING  ril  L  Ikgy  -R  ■ 

MACHINES 

•  PUBLIC  ADDRESS  L 

SrSTEMS  « 

•  ElECTRIC  SHAVERS 
dinelly  from  your  earl 

MAKE  YOUR  CAR,  BOAT  OR  PLANE 

“A  ROLLINO  OPFICKI” 


International  Eastern  Co. 
801  Sixth  Ave. 

New  York  1,  N.  Y . 


Here's  the  only  high  resistance  megohmmeter 
selling  at  $365  with  features  not  found  on  instru¬ 
ments  selling  for  twice  as  much.  Measuring 
range  up  to  50,000,000  megohms  to  meet  the 
requirements  of  recent  advances  in  insulating 
materials.  The  L-7  Megohmmeter  is  housed  in  a 
hardwood  case  with  recessed  vertical  panel  and 
convenient  carrying  handle. 

Industrial  Instruments  has  a  wide  selection  of  meg- 
ohmmeters  for  both  laboratory  and  high-speed 
production  testing.  Choose  the  model  that  best 
suits  your  needs  from  this  table  of  specifications. 


International  Electronic  Research 
Corp. 

145  W.  Magnolia  Blvd. 

Burbank,  Calif . 37( 


OPERATES 

•  RADIOS 

•  RECORD  PIATERS 

•  MIXMASTERS,  ETC. 
dinclly  from  your  earl 


International  Instruments,  Inc. 
P.O.  Box  2954 

New  Haven  15,  Conn . 


International  Nickel  Co.,  Inc. 
67  WaU  St. 

New  York  5,  N.  Y . 27 


International  Physical  Index,  Inc. 
1909  Park  Ave. 

New  York  35.  N.  Y . 45 


ovt 

^  sight  under 
''dosh  or  in 
trunk 

comportment 


TEST 

VoltAft 


International  Pump  &  Machine 
Works,  Inc. 

81  Etorsa  Ave. 

Livingston,  N.  J . 4 

International  Radiant  Corp. 

Div.  of  Rubel  Corp. 

Ill  New  York  Ave. 

Westbury,  L.  I.,  N.  Y . 1 

International  Rectifier  Corp. 

1521  E.  Grand  Ave. 

El  Segundo,  Calif . 3915-^ 

International  Resistance  Co. 

401  N.  Broad  St. 

Philadelphia  8,  Pa . 2821-i 

International  Telephone  &  Tele¬ 
graph  Co. 

67  Broad  St. 

New  York  4,  N.  Y . 2510-1 


Especially  designed  to  change  6  or  12  volt 
D.C  to  1 1 0  volt  AC  60  cycles. 


•  EXECUTIVES  •  rOUCEMEN 

•  SALESMEN  •  REPORTERS 

•  OUTDOOR  MEN  •  FIREMEN 

•  PUBUC  OFFIOALS 

MODELS  6U.RHG  (6  volts)  125  to  150  watts.  Shipping 

woight  27  lbs.  list  prico . 589.95 

DEALER  NET  PRICE . $S9.97 

I2U.RHC(12  volts)  150  to  175  watts.  Shipping  woighi 

27  lbs.  List  pricn . 589.95 

DEALER  NET  PRICE . $59.97 

Write  for  liloraluro  on  other  Shot  and  Mede/s 
oE  ATR  INVERTERS,  priced  cm  low  at  S9S5  lift. 


‘Continuously  variobi*.  built-in  voltmttor  tor  KCurttc  sotting. 


Write  today  for  complete  catalog  of 
Electrical  Test  Equipment  manufactured  by 


J-B-T  Instruments,  Inc. 
441  Chapel  St. 

New  Haven  8,  Conn . 

JFD  Electronics  Corp. 
6101  16th  Ave. 

Brooklyn  4,  N.  Y . 


\/NEW  MODELS  VNEW  DESIGNS  -y/NEW  LITERATURE 
'A"l«ttir]|  UiMlMlors  #  DC-AC  Ifvirlert  •  Aito  Radio  VibratM 

American  Thivisiom  i  Kadio  Co. 
ZruMt^  Pxoiluet*  Since  t93t 
SAINT  PAUL  1,  MINNESOTA,  U.  S.  A 
CIRCLE  285  READERS  SERVICE  CARD 
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1  RANGE  1 

low 

HiRh 

1  IMR. 

100,000  ni«|. 

1  meg. 

2  S  mt(. 

100.000  mc|. 
2S0X)00  ffltf . 

1  mof . 

100.000  mat 

1  mc|. 

Sil0''ohmt 

i 


AUGAT  BROS. 


31  PERRY  AVENUE  *  ATTLEBORO,  MASS. 
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Kinjrsley  Stamping:  Machine  Co. 
Aircraft  Division 
850  Cahucnga  Blvd. 

Hollywood  38,  Calif . 4017 

KIN  TEL,  Division  of 
Cohn  Electronics,  Inc. 

5725  Kearny  Villa  Rd. 

San  EHego  12,  Calif . 3401-3405 


—  ELECTRONICS  engineering  edition 


Augat  Brothers  have  developed  a  new 
line  of  clips  for  the  retention  of  transistors, 
crystals,  diodes,  etc. 

Now  available  in  all  standard  sizes,  they 
are  the  answer  to  the  engineers’  layout 
problems  in  regards  to  shock  and  vibration. 
Made  of  either  1065  spring  steel  or  25  alloy 
beryllium  copper  to  retain  shape,  a  mini¬ 
mum  of  clamping  action  is  lost  in  use. 

If  your  requirements  are  not  listed  in  our 
catalog,  write  us  for  information  on  clips 
made  to  your  specifications. 


Keithley  Instruments,  Inc. 
12415  Euclid  Ave. 

Cleveland  6,  Ohio . 


3414 


Kemtron  Electron  Products,  Inc. 

14  Prince  Place 

Newburyport,  Mass . 2712 


2344 


Kenyon  Transformer  Co.,  Inc. 

840  Barry  St. 

New  York  59,  N.  Y . 2632 


.2636-2638 


4221 


2929 


Kings  Electronics  Co.,  Inc. 

40  Marbledale  Rd. 

Tuckahoe  7,  N.  Y . 2222-2224 


D.  S.  Kennedy  &  Co. 
155  King  St. 

Cohasset,  Mass . 


Kepco  Laboratories 
131-38  Sanford  Avenue 
Flushing  55,  L.  I.,  N.  Y.... 


Kester  Solder  Co. 

4201  Wrightwood  Ave. 
Chicago  39,  Ill . 


Keystone  Products  Co. 
904-6  23rd  St. 

Union  City,  N.  J . 


A  Plutie  Shlaldcd  CabI* 

R  Shielded  Intercoain.  Cable 
C  latercomnunIcatioB  Cable  ^ 

D  TV  Lead-la  Cable 
E  Microphone  Cable  (Rubber  or  Plattic) 


As  the  fabulous  Electronics  industry  ad¬ 
vances,  CORNISH  Wires  and  Cables  stride 
along  in  cadence.  For  superior  electrical 
characteristics,  brute  stamina  and  all-around 
satisfaction  —  be  SURE  —  specify 
CORNISH.  We  welcome  inquiries 


94^ 

4^ 


CORNISH  WIRE  CO.,  mc.  so  Church  St.,  New  York  7,  N.  Y. 
- REPRESENTATIVES - - 

♦  ATLANTA  IRIDGEPORT  ♦  CHARLOTTE  ♦CHICAGO  ♦CINCINNATI 
CLEVELAND  ♦  DALLAS  DENVER  ♦  DETROIT  ♦  KANSAS  CITY 

♦  LOS  ANGELES  ♦  MINNEAPOLIS  ♦PHILADELPHIA  PITTSBURGH 

♦  ROCHESTER  ♦  ST.  LOUIS  ♦  SAN  FRANCISCO  ♦  SEAULE  ♦  WILLIAMSTOWN 
_ ♦  Stock  carried 
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James  Vibrapowr  Co. 
4050  North  Rockwell  St. 
Chicago  18,  Ill . 


Jennings  Machine  Corp. 

3452  Ludlow  Street 
Philadelphia,  Pa . 4132 

Jennings  Radio  Mfg.  Corp. 

970  McLaughlin  Ave. 

San  Jose,  Calif . 3802-3804 

Jerrold  Electronics  Corp. 

23rd  &  Chestnut  Sts. 

Philadelphia  3,  Penna . 3056 

Johns-Manville  Sales  Corp. 

Dutch  Brand  Division 
7800  Woodlawn  Ave. 

Chicago  19,  lU . M-20 

Jones  St  Lamson  Machine  Co. 
Springfield,  Vt . 4030 

M.  C.  Jones  Electronics  Co.,  Inc. 

185  N.  Main  St. 

Bristol,  Conn . 3709 

Julie  Research  Laboratories 
556  W.  168th  St. 

New  York  32,  N.  Y . 3840 


The  Kanthal  Corp. 
Amelia  Place 
Stamford,  Conn.  ... 


Kama  Instrument  Corp. 
134  Herricks  Rd. 
Mineola,  L.  I.,  N.  Y.  ... 

Kay  Electric  Co. 

14  Maple  Ave. 

Pine  Brook,  N.  J . 


Knifht  Electronics 

210  S.  Des  Plaines 

Chicago,  ni . 1430-1432 

The  James  Knights  Co. 

101  E.  Church  St. 

Sandwich,  Ill . 2708 

Krengel  Manufacturing  Co.,  Inc. 

227  Pulton  St. 

New  York  7,  N.  Y . 4011 

Krohn-Hite  Corp. 

580  Massachusetts  Ave. 

Cambridge  39,  Mass . 3314 

Kulka  Electric  Mfg.,  Co.,  Inc. 

633  S.  Pulton  Ave. 

Mt.  Vernon,  N.  Y . 2901 

Kupfrian  Mfg.  Corp. 

395  State  St. 

Binghamton,  N.  Y . 4310 

Kurman  Electric  Co.,  Inc. 

191  Newel  St. 

Brooklyn  22,  N.  Y . 2134 

Kuss  Industries,  Inc. 

Tacony  &  Lewis  Sts. 

Philadelphia  24.  Pa . 4222 

L 

Laboratory  for  Electronics,  Inc. 


75  Pitts  St. 

Boston  14,  Mass . 3207-3209 

Lambda  Electronics  Corp. 

11-11  131  St. 

College  Point  56,  N.  Y . 2436,  2438 

LaPointe  Industries,  Inc. 

155  W.  Main  St. 

Rockville,  Conn . 2113 


Larson  Instrument  Co. 

24  Orchard  St. 

Tarrytown,  N.  Y . 3023 


Lavoie  Laboratories,  Inc. 
Matawan-Preehold  Rd. 

Morganville,  N.  J . 3242-3244 

Lectrocon  Co. 

410  W.  Chelten  Ave. 

Philadelphia,  Pa . M-15 

LEL,  Incorporated 
380  Oak  St. 

Copiague,  N.  Y . 2102 

G.  H.  Leland,  Inc. 

123  Webster  St. 

Dayton  2,  Ohio . 2310 

Lepel  High  Frequency  Labs.,  Inc. 

54-18  37th  Avenue 

Woodside  77.  L.  I..  N.  Y . 1819 

Levlnthai  Electronic  Prods.  Inc. 

Stanford  Industrial  Park 

Palo  Alto.  Calif . 1205 

Librascope,  Inc. 

808  Western  Ave. 

Glendale,  Calif . 1501-1509 


LIECO,  Inc. 

3610  Oceanside  Road 

Oceanside,  L.  I.,  N.  Y . 3227 


Line  Electric  Co.,  Inc. 

271  S.  6th  St. 

Newark  3,  N.  J . 3033 

Erik  A.  Lindgren  &  Associates 
4515  N.  Ravenswood  Avenue 
Chicago  40.  Ill . 1924 


Engineers: 

NEW 

RESISTOR 

CATALOG 


S«v«ral  choice 
Tcrritoria*  opan  for 
Raprasontofiofl 

SEE  FOX 
YOURSEIF  AT 
BOOTH  39S0 
I.R.E.  CONVENTION 


A  compUlo  lino  of  Stock  ond  * 
Cuftoffl-onginoorod  ultro-high  sto-  ^ 
bility,  procision  wirowound  Ro- 
siitors  ond  Rmistor  Notworkt  • 
footuring  .  .  . 

*  Standard,  Miniaturo  and  mi-  * 
cro-miniaturo  sizes  and  shapes 

•  Networks  matched  to  0.01%  * 
accuracy,  or  better  •  Tolerances  ^ 
available  measured  to  parts  par 
million  •  Low  noise  level  •  MIL  • 
R-93A  or  MIL  R-9444  requirements 
met  ■  Temperature-compensat-  O 
ing  Resistors  available  with  va¬ 
riable  temperature  coefficients  * 


GENERAL  RESISTANCE  INC. 

577  EAST  156th  STREET,  NEW  YORK  55,  N.  Y.  •  CY  2-1500 

CIRCLE  2S8  READERS  SERVICE  CARD 


/vm  FASTsay/cf 

TOROIDS  and 
ELECTRONIC 
TRANSFORMERS 

UP  TO  SIX 

MADE  TO  YOUR  SPECIFICATIONS 
SHIPPED  WITHIN  ONE  WEEK 


jVIsit  our  Hospifolity  Suit*  ot  the  Woldorf  during  I.R.E.  Show 


NEW  ENGLAND  TRANSFORMER  COMPANY 

SOMERVILLE,  MASS.  •  SOmerset  6-6100 

Canadian  Representative 
SAMUEL  C.  HOOKER  (Canada)  Ltd. 

2425  Grand  Boulevard,  Montreal,  Quebec  HUntei*  8-8321 
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end  WHEELER 

more  than  ever  is  a 
DESIGN  ENGINEER'S 
best  source 

for  practical  engineering  help  and 
exceptional  production  facilities  in  the 
fields  of:* 

Transformers  and  Reactors 
Coils— Toroids 
Delay  Lines 
IF  and  RF  Components 
Electronic  Chassis  Assemblies 
Wiring  Harnesses 
Bectro-Mechanical  and 
Bectrical  Sub-Assemblies 
Sound  Powered  Bectric  Telephones 

WHHLKR  ■LKCTieONIC  CORP. 

Subsidiary  of  Sparry  Rattd  Corporation 

1101  East  Aurora  St.,Waterbury  20,  Conn. 


You  are  cordially 
invited  to  visit  our 
HOSPITALITY  SUITE 


at  the  St.  Moritz  Hotel, 
Central  Park  South 


IWHM 

CIRCfeC  290  READERS  SERVICE  CARD 


Lins  Electronics,  Inc. 

9937  Jefferson  Blvd. 

Culver  City,  Calif . ...1517-1519 

Little  Falls  Alloys,  Inc. 

189  Caldwell  Avenue 

Paterson  1,  N.  J . 4015 

Littelfnse,  Inc. 

1865  Miner  St. 

Des  Plaines,  ni . 2923 


Litton  Industries,  Inc. 

336  North  Foothill  Road 
Beverly  Hills,  Calif. 

1333,  1427-33,  1521,  1523 

Lord  Manufacturing  Co. 

1635  W.  12th  St.  • 

Erie  6,  Pa . 2925 

M 

MB  Manufacturing  Co.,  Inc. 

1060  State  St.,  P.O.  Box  1825 


New  Haven  11,  Conn . 1723-1725 

Machlett  Laboratories,  Inc. 

1063  Hope  St. 

Springdale,  Conn . 2218-2220 

Mack  Electronics  Division 
Mack  Trucks,  Inc. 

1000  S.  2nd  St. 

Plainfield,  N.  J . 1815-1817 

MacLeod  &  Hanopol,  Inc. 

10  Roland  St. 

Charlestown  29,  Mass . 3409 

Magnatran,  Inc. 

248  Schuyler  Ave.,  P.O.  Box  211 
Kearney,  N.  J . 2116 

The  Magnavox  Co. 

2131  S.  Bueter  Rd. 

Fort  Wayne  4,  Ind . 1715 

Magnecraft  Electric  Co. 

3352  W.  Grand  Ave. 

Chicago  51,  lU . 2342 

Magnetic  Amplifiers,  Inc. 

Affiliate  of  General  Ceramics 
632  Tinton  Ave. 

Bronx  55,  N.  Y . 1518-1520 

Magnetic  Metals  Co. 

Hayes  Avenue  at  21st  St. 

Camden  1,  N.  J . 1721 

Magnetic  Research  Corp. 

3160  W.  E.  Segundo  Blvd. 
Hawthorne,  Calif . 3710 

Magnetics,  Inc. 

Box  391 

Butler,  Pa . 2533  &  3014 

Magnetics  Research  Co. 

255  Grove  St. 

White  Plains,  N.  Y . 3944 

O.  J.  Maigne  Co. 

321  Pearl  St. 

New  York  38,  N  Y . 4429 

P.  R.  Mallory  &  Co.,  Inc. 

3029  E.  Washington  St. 

Indianapolis  6,  Ind . 2301-2303 

Manson  Laboratories,  Inc. 

207  Greenwich  Ave. 

Stamford,  Conn . 3231 


Marconi  Instruments  Ltd. 

Ill  Cedar  Lane 

Englewood,  N.  J . 3315-3317 


AN  INVITATION 
TO  JOIN  ORO 

Pioneer  In 

Operations  Research 


Operations  Research  is  a  young 
science,  earning  recognition  rapidly 
^  a  significant  aid  to  decision-mak¬ 
ing.  It  employs  the  services  of 
mathematicians,  physicists,  econo¬ 
mists,  engineers,  political  scientists, 
psychologists,  and  others  working 
on  teams  to  synthesize  all  phases  of 
a  problem. 

At  ORO,  a  civilian  and  non¬ 
governmental  organization,  you 
will  become  one  of  a  team  assigned 
to  vital  military  problems  in  the 
area  of  tactics,  strategy,  logistics, 
weapons  systems  analysis  and 
communications. 

No  other  Operations  Research 
organization  has  the  broad  expe¬ 
rience  of  ORO.  Founded  in  1948  by 
Dr.  Ellis  A.  Johnson,  pioneer  of 
U.  S.  Opsearch,  ORO’s  research 
findings  have  influenced  decision¬ 
making  on  the  highest  military 
levels. 

ORO’s  professional  atmosphere 
encourages  those  with  initiative  and 
imagination  to  broaden  their  scien¬ 
tific  capabilities.  For  example,  staff 
members  are  taught  to  “program” 
their  own  material  for  the  Univac 
computer  so  that  they  can  use  its 
services  at  any  time  they  so  desire. 

ORO  starting  salaries  are  com¬ 
petitive  with  those  of  industry  and 
other  private  research  organiza¬ 
tions.  Promotions  are  based  solely 
on  merit.  The  “fringe”  benefits 
offered  are  ahead  of  those  given 
by  many  companies. 

The  cultural  and  historical  fea¬ 
tures  which  attract  visitors  to 
Washington,  D.  C.  are  but  a  short 
drive  from  the  pleasant  Bethesda 
suburb  in  which  ORO  is  located. 
Attractive  homes  and  apartments 
are  within  walking  distance  and 
readily  available  in  all  price  ranges. 
Schools  are  excellent. 


For  furthmr  nformofion  writo: 
Profossiona/  Appomtmonis 

OPERATIONS  RESEARCH 
OFFICES 

The  Johns  Hopkins  University 

69  30  ARLINGTON  ROAD 
BETHESDA  14,  MARYLAND 
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Marion  Electrical  Ihst.  Co. 
Grenier  Field 

Manchester,  N.  H . 


Markem  Machine  Co. 
150  Congress  St. 
Keene,  N.  H . 


The  Martin  Co. 
Baltimore  3,  Md. 


Manrey  Instrument  Corp. 
7924  S.  Exchange  Ave. 
Chicago  17,  HI . 


MINIATURKIJ 

printidcircui 


The  W.  L.  Maxon  Corp. 
475  Tenth  Ave. 

New  York  18,  N.  Y . 


McCoy  Electronics  Co. 
Mt.  Holly  Springs,  Ea. 


Shown 

Wifhoot  Com 


McDowell  Electronics  Inc. 
105  Forrest  Street 
Metuchen,  N.  J . 


APPLICATIONS 
o  Super-sensitive  relay 
o  Temperature  control 
o  Automation 
o  Time  delay  relay 
o  Touch  control 
o  Photo-electric  device 
o  Intruder  alarm 
o  Safety  device 
o  Sales  promotional  display 


COMPACTROL  is  a  thyratron  ampli¬ 
fier  with  power  relay,  associated 
circuitry  and  115  v  a.c.  power 
supply.  It  is  self-contained  and 
compactly  packaged  in  a  plastic 
case  of  high  impact  styrene. 


McGraw  Edison 
T.  A.  Edison  Ind.,  : 
51  Lakeside  Ave. 
West  Orange,  N.  J. 


McGraw-HUl  Book  Co. 
330  W.  42nd  St. 

New  York  36,  N.  Y.. . . 


INPUT  —  V*  microwatt  to  operate 

OUTPUT  —  1  to  3  poles,  each  5 
amps,  at  250  volts  a.c. 


McGraw-Hill  PubUshing  Co. 
330  West  42nd  St. 

New  York  36,  N.  Y . 4- 


WRITE  FOR  DESCRIPTIVE  FOLDER  V-31S 


f  INOINIERINC  CORPORAflON 

101  SPRINGFIELD  ROAD  UNION,  N.  J. 

TaUphon*;  MUrdock  8-7150 
CIRCLE  291  READERS  SERVICE  CARD 


McLean  Engineering  Labs. 
P.O.  Box  228 

Princeton,  N.  J . 


McMillan  Industrial  Corp. 
Brownville  Ave. 

Ipswich,  Mass . 


Measurements  Corp. 
Intervale  Rd. 
Boonton,  N.  J . 


You  Expect  the  Best 
and  GET  IT  from 

ESTERLINE-ANGUS 


Mepco,  Inc. 

35-37  Abbett  Ave. 
Morristown,  N.  J., 


Merck  &  Co.,  Inc. 
Chemical  Division 
Rahway,  New  Jersey 


Metal  Fabricators  Corp. 
73  Pond  Street 
Waltham  54,  Mass.  . . . 


■  For  Over  Fifty  Years  the  Leading 

Maker  of  High-Quality,  Heavy-Duty, 
Direct-Writing  Pen  and  Ink 
Recording  Instruments 

,  '■|^B  AC,  DC  and  DC  Milliammeters 
-^BR  AC-DC  Kva  and  Varmeters 

,:R|9  Ammeters  Speed 

Voltmeters  Pressure 
j'^RI  Wattmeters  Vacuum 

;:|^RI  Frequency  Operation  (20  Pen) 

^^^R  Power  Factor  Contact-Making  Instruments 

Ask  for  Catalog  No.  657 

Product  Representatives  in  Most  Principal  Cities 

The  ESTERLINE-ANGUS  Company,  Inc. 

Pioneers  in  the  Manufacture  of  Graphic  Instruments 

DEPT.  Ell,  P.O.  BOX  S9S.  INDIANAPOLIS  t.  INDIANA 


Metal  Textile  Corp. 
647  E.  First  Ave. 
Roselle,  N.  J . 


Metals  &  Controls  Corp. 
34  Forest  St. 

Attleboro,  Mass . 


Meter-Mix  Corporation 
626  Dorchester  Ave. 
South  Boston  27,  Mass. 


Microdot,  Inc. 

220  Pasadena  Ave. 

S.  Pasadena,  Calif . 

Micromech  Mfg  Corp. 

Div.  of  Sanford  Mfg.  Corp. 
1020  Commerce  Ave. 

Union,  N.  J . 


Micropbase  Corporation 
P.  O.  Box  1166 
1  Seneca  Place 
Greenwich,  Conn . 
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...  do  you  have  a 

“special  requirement" 
...In  RF  POWER 

MEASUREMENT? 


Average  or  peak,  NORTHEAST 
ELECTRONICS  specializes 
in  measuring: 

•  Forward  Power 

•  Reflected  Power 

•  VSWR 


Commercial  or  MIL,  usual  or  unusual,  consider  NORTHEAST 
ELECTRONICS  as  a  source  for  your  equipment. 


NORTHEAST  ELECTRONICS 

CORPORATION 

BOX  425,  CONCORD,  NEW  HAMPSHIRE  •  CApitol  5-6641 


CIRCLE  293  READERS  SERVICE  CARD 


Two  Stage— Large  Capacity— High  Vacuum 

WELCH  DUO-SEAL^  VACUUM  PUMP 

with  VENTED-EXHAUST 


GUARANTEED  VACUUM 

Vent  closed,  0.1  micron 
When  the  vent  is  open,  only 
slightly  higher  ultimate  pres¬ 
sures  result— usually  in  the 
range  of  1  micron. 


FREE  AIR  CAPACITY 

140  liters/minute 
(5  cubic  feet) 


NO.  1402B 


PATENT  PENDING 

Solves  Condensed  Vapor  Problems 
*  Eliminates  oil  filters 
and  separators 
Fewer  oil  changes  required 


PAT.  NO.  2437,849 

U02B.  DUO-SEAL  VACUUM  PUMP.  Motor 
Driven.  For  IIS  Volts,  60  Cycles,  A.C. 

Each  $310.00 

1402C.  DUO-SEAL  VACUUM  PUMP.  Motor 
Driven.  For  230  Volte,  60  Cycles,  A.C. 

Each.  $310.00 


BOOTH  No.  4214 
I.R.E.  SHOW 
March  24>27 
-Coliseum-N.  Y. 
City 


1402D.  DUO-SEAL  VACUUM  PUMP,  Motor 
Driven.  For  115  VolU,  D.C.  EUich,  $388.30 
/'or  attached  Belt  Guard,  add  $17.50, 
to  above  price. 

1402.  DUO-SEAL  VACUUM  PUMP.  Un- 
mounted.  With  pulley,  but  without  motor, 
belt,  or  baee.  Each  $240.00 


W.  M.  WELCH  SCIENTIFIC  COMPANY 

DIVISION  OF  W.  M.  WELCH  MANUFACTURING  COMPANY 
ESTABLISHED  1880 

1515  Sedgwick  Street,  Dept  H,  CHICAGO  10,  Illinois,  U.S.A. 

MoHufacturerM  of  Scientific  inetruments  and  Laboratory  Apparatus 


Microtran  Co.,  Inc. 

145  E.  Mineola  Ave. 

Valley  Stream,  L.  I.,  N.  Y . 2312 

Microwave  Associates,  Inc. 
Northwest  Industrial  Park 
Burlington,  Mass . 3506-3508 

Microwave  Development  Labs.,  Inc. 
92  Broad  St. 

Babson  Park,  Mass . 3415 

Mid-Century  Instmmatic  Corp. 

611  Broadway 

New  York  12,  N.  Y . 1117 

Mid-Eastern  Electronics  Inc. 

32  Commerce  St. 

Springfield,  N.  J . 4129 

Midwestern  Instruments 
41st  &  Sheridan  Rd. 

P.  O.  Box  7166 

Tulsa,  Okla . Theater  3000 

James  Milieu  Mfg.  Co.,  Inc. 

150  Exchange  St. 

Malden  48,  Mass . 2523 

Millivac  Instruments 
Div.  of  Cohu  Electronics,  Inc. 

2315  Second  Ave.,  Carman, 

13  T%nY  QQT 

Sdienectady  6,  N.  Y . 3204-3206 

Davies  Laboratories  Div. 
Minneapolls-Honeywell  Regulator 
Co. 

10721  Hanna  St. 

Beltsvllle,  Md . 2212 

Minneapolis-Honeywell  Regulator 
Co. 

2753  Fourth  Ave.  South 
Minneapolis  8,  Minn . 2202-2210 

Minnesota  Mining  &  Mfg.  Co. 


900  Bush  Ave. 

St.  Paul,  Minn . 3901-3903 

Mitchell-Rand  Mfg.  Corp. 

Insulation  Div. 

51  Murray  St. 

New  York  7,  N.  Y . 4031 

Mitronics  Inc. 

1290  Central  Ave. 

Hillside,  N.  J . M-9 

Moloney  Electric  Co. 

5390  Bircher  Blvd. 

St.  Louis  20,  Missouri . 1224 

Monsanto  Chemical  Co. 

Lindbergh  &  Olive  Street  Rd. 

St.  Louis  4,  Missouri . 4219 

F.  L.  Moseley  Co. 

P.  O.  Box  791 

Pasadena  3,  Calif . 3510-3512 

Donald  P.  Mossman,  Inc. 

P.  O.  Box  265 

Brewster,  N.  Y . 3835 

Motorola  Inc. 

Semiconductor  Products  Div. 

5005  East  McDowell  Rd. 

Phoenix,  Ariz . 1421 


Macon  Corp. 

9  St.  Francis  St. 

Newark  5,  N.  J . 2807 

Muirhead  Instruments,  Inc. 

677  Fifth  Ave. 

New  York  22,  N.  Y . 3230 
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PANEL  MOUNTING 

BLOWERS 


Mycalex  Corp.  of  America 
125  Clifton  Blvd. 

Clifton,  N.  J . 


NRC  Equipment  Corp. 

160  Charlemont  St. 

Newton  Highlands  61,  Mass . 4427 


N.R.K.  Mfg.  A  Engineering  Co. 
4601  W.  Addison  St. 

Chicago  41,  HI . 


The  Narda  Microwave  Corp. 
118  Herricks  Rd. 

Mineola,  L.  I.,  N.  Y . : 


The  Narda  Ultrasonics  Corp. 
122  Herricks  Rd. 

Mineola,  L.  I.,  N.  Y . 


The  National  Cash  Register  Co. 

Main  &  K  Streets 

Dayton  9,  Ohio . 


r  Send  ^ 
blueprint 
or  samples 
for 

.  estimate  , 


National  Co.,  Inc. 
61  Sherman  St. 
Malden  48,  Mass . 


MOOIl  lA-TP 
with  Top  Frant  owllat 
NOTE:  Top  Cantor  and 
Top  Roar  also  avoilablo 


National  Tel-Tronics  Corp. 
52  St.  CEismir  Ave. 
Yonkers,  N.  Y . 


O  MIL  SPEC  QUALITY 
Meet  radio  interference  require¬ 
ments  of  MIL-I-16910A 

•  LARGE  COOLING  CAPACITY 
600—1200  CFM  output 

•  COMPACT  SIZE 

Mount  os  standard  8%"  RETAAA 
panel— 15"  front-to-bock 

•  CLEANABLE  FILTER 

•  AIR  DISCHARGE  AREAS 

TO  SUIT  NUMEROUS  APPLICATIONS: 
Vertical  Printed  Circuit  Cards, 
Horizontal-mount  Chassis,  Verti¬ 
cal-mount  Chassis,  etc. 


National  Vulcanized  Fibre  Co. 

P.  O.  Box  311 

Wilmington  99,  Delaware . .  4419-4421 


Navigation  Computer  Corp. 
1621  Snyder  Ave. 
Philadelphia  45,  Pa . 


Nems-Clarke  Co.,  Div. 
Vitro  Corp.  of  America 
919  Jessup-Blair  Drive 
Silver  Spring,  Md . 


New  Hermes  Engraving  Machine 
Corp. 

13  University  Place 

New  York  3,  N.  Y . 1! 


YOUR  CHOICE  OF 
•  DIFFERENT 
STANDARD  MODELS 
(othors  'TO  ORDER') 


The  New  York  Air  Brake  Co. 
3529  Washington  St. 

Boston  30,  Mass . 4508 


The  J.  M.  Ney  Co. 
Drawer  990 
71  Elm  St. 
Hartford  1,  Conn. 


We’ll  prove  that  our  high 
speed  production  means 
lower  unit  costs  for  you  I 


BASIC 

REAR  DISCHARGE 


^LEFT 

DISCHARGE 


Non-Linear  Systems,  Inc. 
Del  Mar  Airport  Box  728 
Del  Mar,  Calif . 3 


You’ll  save  two  ways  —  (1 )  the  ini¬ 
tial  low  unit  cost  made  possible  by 
high  speed  machines;  (2)  precision 
and  quality  control  guarantees  accu¬ 
rate  parts  and  performance. 

STRAIGHTENING  AND  CUHING 
Perfect  straight  lengths  to  12  feet. 

.0015  to  .125  diameter. 

WIRE  FORMS 
.0015  to  .125  diameter. 

SMAU  METAL  STAMPINGS 

.0025  to  .035  thickness. 

.062  to  3  inches  wide. 

Specializing  in  production  of  parts 
for  electronic,  cathode  ray  tubes  and 
transistors. 

Write  for  illustrated  folder. 

ART  WIRE  AND  STAMPING 
COMPANY 

18  Boyden  Place  •  Newark  2,  New  Jer: 

CIRCLE  295  READERS  SERVICE  CARD 

ELECTRONICS  engineering  edition  —  March  14,  1958 


REAR  DISCHARGE 
■abbreviated  extenilon 


Norrich  Plastics  Corp. 
107  W.  18th  St. 

New  York  11,  N.  Y... 


REAR  DISCHARGE 
—Series  ER 


Norrman  Laboratories 
Williams  Bay,  Wise.  . . 


North  Electric  Co. 
553  S.  Market  St. 
Gallon,  Ohio . 


for  VENTILATED  RELAY  RACK 
CABINETS,  CONTROL  CONSOLES, 
BLOWERS,  CHASSIS,  ‘CHASSIS- 
TRAK'*,  RELATED  COMPONENTS 


Northeast  Scientific  Corp. 
617  Concord  Avenue 
Cambridge  38,  Mass . . 


Northeastern  Engineering,  Inc. 
25  So.  Bedford  St. 

Manchester,  N.  H . 


ORchard  4-3510 

Western  Devices,  Inc 

600  W.  FLORENCE  AVE.,  INGLEWOOD,  CAL 
*  For  Inquirims  on  'Chastis-Trak',  East  of  Rockies 
Chsssis-Trik  Corf.,  525  S.  Webster  Ave.,  Indiaeezelis 
CIRCLE  296  READERS  SERVICE  CARD 

311 


Northern  Radio  Co.,  Inc. 
143-7  W.  22nd  St. 

New  York  11,  N.  Y . 


Because  this  firm 


Why  do  I  favor 
SUPERIOR 
ELECTRONICS 
for  electron 
GUN  MOUNTS? 


9un 

-5- 

Special 


WRITE  FOR  DESCRIPTIVE  MATERIAL 


New!  110* 
deflection 


Electro* 
ttoric 
focus  gun 


-3- 

Electro* 

magnetic 

gun 


New! 

Short  neck 
90“  gun 
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Pacific  Semiconductors,  Inc. 

10451  W.  Jefferson  Blvd. 

Culver  City,  Calif . 2808 

Packard-Bell  Electronics  Corp. 
Technical  Prods.  Div. 

12333  W.  Olympic  Blvd. 

Los  Angeles  64,  Calif . 1313-1315 

Page  Communications  Eng.  Inc. 
Communications  Bldg. 

710  14th  St.,  N.  W. 

Washington  5,  D.  C . 1820 

Panoramic  Radio  Products,  Inc. 

520  S.  Pulton  Ave. 

Mt.  Vernon,  N.  Y . 3515-3517 

Par-Metal  Products  Corp. 

32-62  49th  St. 

Long  Island  City  3,  N.  Y. .  .1918,  1920 

Penngold  Division  of 
The  Brush  Beryllium  Co. 

501  Crescent  Ave. 

Reading,  Pa . 4005 


Penta  Laboratories,  Inc. 
312  N.  Nopal  St. 

Santa  Barbara.  Calif — 


FIXED  RESISTANCE  VALUES  RANGE 

FROM  1000  OHMS  TO  10,000,000 
MEGOHMS! 

65X  Molded  Resistor  —  1  watt 
SOX  Molded  Resistor  —  3  watts 

While  bargain  buys  in  resistors  are  wear¬ 
ing  out  and  being  replaced,  durable  S.S. 
White  “All-Weather”  Molded  Resistors 
are  still  giving  top  performance  in  hun¬ 
dreds  of  commercial,  industrial  and  sci¬ 
entific  applications. 

Our  resistors  are  characterized  by  low 
noise  level  .  . .  precision  .  .  .  stability  .  .  . 
have  negative  temperature  and  voltage  co¬ 
efficients.  Compact  .  .  .  excellent  stability 
and  mechanical  strength  . . .  values  do  not 
deteriorate  due  to  age. 

We'll  be  glad  to  cooperate  with  you  in 
applying  these  high-quality  resistors  to 
your  product.  For  our  Bulletin  5409,  just 
drop  a  line  to  Dept.  R. 


March  74, 


INDUSTRIAL.  DIVISION 

10  East  4-Oth  Street 
New  York  16,  New  York 
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Nutron  Manufacturing  Co.,  Inc. 

67  Monroe  Ave. 

Staten  Island  1,  N.  Y . 4020 


Offner  Electronics,  Inc. 

5320  N.  Kedzie  Ave. 

Chicago  25,  Illinois . 3051 

Ohmite  Manufacturing  Co. 

3601  Howard  St. 

Skokie,  HI . 2840-2842 

Oljrmpic  Radio  A  Television,  Inc. 
34-01  38th  Avenue 

Long  Island  City  1,  L.  I.,  N.  Y. .  .1916 

Optical  Coating  Laboratory,  Inc. 
1035  Sebastopol  Rd. 

Santa  Rosa.  Calif . 4052 

Optron  Corp. 

3526  State  St. 

Santa  Barbara,  Calif . M-19 


Ortho  Filter  Corp. 
196  Albion  Ave. 
Paterson  2,  N.  J . . . . 

Orirx  Sales  Co. 

9015  Wilshire  Blvd. 
Beverly  Hills.  CaUf. 


John  Oster  Mfg.  Co. 
1  Main  St. 

Racine,  Wise . 


/  in  Any 
/  Weather 

'  Airborn*.  In  the 
steaming  heat  of 
the  tropics! 
S.S. WHITE  Molded 
Resistors  ore 
mode  of  coated, 

Vnon-hygroscopic 
material  that 
resists  moisture. 


Anywhere . . . 

At  sea,  in  the  ky 
cold  of  the 
ontarctici 

S.S. WHITE  Molded 
Resistors  in  values 
up  to  30,000 
megohms  7 

retain  their  / 

characteristics.  / 


Ozalid 

Div.  of  General  Aniline  A  Film 
Corp. 

350  West  4th  St. 

New  York  14,  N.  Y . 4127 


'til' 


Tirv 

I 


Pacent  Engineering  Corp. 
310  Northern  Blvd. 

Great  Neck,  L.  I.,  N.  Y - 


'•ALL-WEATHER" 

Molded  Resistors 


Pacific  Automation  Products,  Inc. 
1000  Air  Way 

Glendale  1,  Calif . 1719 


Withstand  Temperature 
and  Humidity 


Nucleonics  Magazine 
McGraw  Hill  Publishing  Co. 

330  W.  42nd  St. 

New  York  36,  N.  Y . 4401-4403 


if  Has  pionearod  many  now 
manufacturing  techniques 
if  Is  constantly  improving  the 
quality  of  its  gun  mounts 
if  Offers  uniform  product  per¬ 
formance  and  dependable 
service 

if  Assures  mo  of  fair  prices 


World's  oldest  and  largest 
exclusive  manufacturer  of 
quality  electron  gun  mounts 


SUPERIOR 

ZZ7 

ELECTRONICS 

CORPORATION 


GRegory  2-2500 


210  PIAGET  AVE.,  CLIFTON,  N.  J. 


tlECTRONIC 

ASSOCIATES 


ORDER  TODAY... 
GET  'EM  TODAY! 


Perfection  Mica  Co. 
Magnetic  Shield  Dlv. 
20  N.  Wsicker  Dr. 
Chicago  6,  Ill . 


The  Perkin  Elmer  Corp. 
Main  Ave. 

Norwalk,  Conn . 


from  local  distributors 

Need  resistors  in  a  hurry  for  a 
production  emergency,  a  prototype 
or  what  not?  That’s  what  Stackpole 
local  distributors  are  for!  Over  50  of 
them  in  leading  centers  carry  com¬ 
plete  industrial  stocks.  Write,  wire 
or  ’phone  for  name  of  nearest  one! 


Perkin  Engineering  Corp. 

345  Kansas  St. 

El  Segundo,  Calif . 


Peimacei-Lepages  Inc. 
U.  S.  Highway  No.  1 
New  Brunswick,  N.  J. . 


Permonite  Manofactoring  Co. 
444  N.  Lake  Shore  Dr. 

Chicago  40,  Ill . 


Pescbel  Electronics,  Inc. 
RFD  No.  1 

Paterson  Towners,  N.  Y. 


Phalo  Plastics  Corp. 

25  Poster  St. 
Worcester  6,  Mass.  . 


Phaostron  Instrument  &  Electronics 


A  major  resistor  development  designed  for  the  most 
stringent  requirements  ...  at  ordinary  resistor  prices. 

Distributors’  Division,  STACKPOLE  CARBON  CO. 

26  Rittonhooso  Plate  ,  Ardmore,  Pa. 


151  Pasadena  Ave. 
South  Pasadena,  Calif 


Phelps  Dodge  Copper  Products  Corp. 
300  Park  Ave. 

New  York  22,  N.  Y . 1716 


- ^  TYPERC-20*' 

C/l  wofi) 


(2  wotit) 


Phelps  Dodge  Copper  Products  Corp. 
Port  Wayne  1,  Indiana _ 4516-4518 

Philamon  Labs.,  Inc. 

90  Hopper  St. 

Westbury,  L.  I.,  N.  Y . 3111 

Philco  Corp. 

4700  Wissahickon  Ave. 

Philadelphia  44,  Pa . 1410-1414 

Phillips  Control  Corp. 

59  W.  Washington  St. 

Joliet,  Ill . 2714 

Philips  Electronics,  Inc. 

750  S.  Pulton  Ave. 

Mt.  Vernon,  N.  Y . 1709 

Photocircuits  Corp. 

31  Sea  Cliff  Ave. 

Glen  Cove,  L.  I.,  N.  Y . 2302-2304 

Pitometer  Log  Corp. 

237  Lafayette  St. 

New  York  12,  N.  Y . 3025 

PIC  Design  Corp. 

477  Atlantic  Ave. 

E.  Rockaway,  L.  I.,  N.  Y . 3062 

Plastic  Capacitors,  Inc. 

2620  N.  Clyboum  Ave. 

Chicago  14,  Ill . 2239 

Plastoid  Corporation 

42- 61  24th  St. 

Long  Island  City  1,  N.  Y . 4505 

Polarad  Electronics  Corp. 

43- 20  34th  St. 

Long  Island  City  1,  N.  Y. .  .3210-3214 

Polyphase  Instrument  Co. 

East  Pourth  St. 

Bridgeport.  Pa . 2235 

Polytechnic  Research  &  Dev.  Co., 
Inc. 

202  Tillary  St. 

Brooklyn  1,  N.  Y . 3602-3604 
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cilinear 


:3tRAn 

^fflputei 


Focal  Point  of  the  Analog  Computing-Plotting  Indust 

THE  ONE  SOURCE  you  naturally  look  to  for 
the  very  latest  advances  in  the  arts  of  data  reduc¬ 
tion,  analog  computation,  and  plotting,  record¬ 
ing,  or  digital  read-out  equipment.  Dept.  EL-3 
See  Electronic  Associates’  equipment  demonstrated  at 
the  IRE  Show,  March  24  to  27,  the  Coliseum,  New 
I  York.  Our  booth  numbers  are  1202  thru  1208. 


205N 

Variploneri 
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IMMEDIATE  DELIVERY 

(Small  Quantity) 


Popper  &  Sons,  Inc. 
300  Fourth  Ave. 
New  York  10,  N.  Y. , 


4124 


D< 


RECISION  V-ARBON  DEPOSITED  IXESISTORS 


Teaanntnra  eocOdtot  ebanutm- 
iitics  for  il^PT — 1  watt  raatstor 


reslator 


STANDARD  RESISTORS  ±1%  TOLERANCE  IN  10%  RAAA 
VALUES  FROM  10  OHMS  TO  2.7  MEGOHMS 


APST-V^  WATT,  APXT-16  WATT  AND  APCT-1  WATT 
SAUS  OFFICES  AND  DISTRIBUTORS 

Factory  Delivery,  other  than  stock  values: 

1/10,  1/5,  1/4,  1/2,  1,  2  and  5  Watt 

ALLIES'  PRODUCTS  CORPORATION 
P.  O.  Box  188,  Kendall  Branch,  Miami,  Florida 

BROCHURE  SUPPLIED  UPON  REQUEST. 
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*  I"  ★  W."  ★  r'  ★  IK"  CRT  NECK  DM.  | 

for  MILITARY  and  COMMERCIAL  PRECISION  DISPLAYS  | 


HIGH  RESOLUTION 
FAST  RECOVERY 
HIGH  SENSITIVITY 
LOW  LP 
CONTROLLED 
MAGNETIC  FIELDS 


Write  for  CELCO  DEFLECTION  YOKE  Catalogue  &  Design  Sheets  or  for 
immediate  engineering  assistance  Call  your  nearest  CELCO  PlonI: 


AAohwah,  N.  J. 
Davis  7*1123 


AAiomi,  Ho. 
Plasa  1-9033 


Cucamonga,  CaKf. 
Yukon  2-2638 


rtasa  iVHon 


Potter  St  Brumfield 

Ihinceton,  Ind . 3904-3906 

The  Potter  Co. 

1950  Sheridan  Rd. 


No.  Chicago,  Ill . . 

...M-ll 

Potter  Instrument  Co.,  Inc. 
Sunnyside  Blvd. 

Plainview,  L.  I.,  N.  Y . 1912-1914 

Power  Designs  Inc. 

89-25  130  St. 

Richmond  Hill  18,  N.  Y . 

....2118 

Precise  Development  Corp. 

2  Neil  Court 

Oceanside  L.  I.,  N.  Y . 

....3123 

Precision  Apparatus  Co.,  Inc. 
70-31  84th  St. 

Glendale  27.  L.  I.,  N.  Y . 

....2316 

Precision  Circuits,  Inc. 

705  So.  Pulton  Ave. 

Mt.  Vernon,  N.  Y . 

....4119 

Precision  Metals  Products  of  Malden 

41  Elm  Street 

Stoneham  80,  Mass . 

....4502 

Precision  Scientific  Co. 

3737  W.  Cortland  St. 
Chicago  47,  Ill . 

....1717 

Premier  Metal  Products  Co. 
337  Manida  St. 

New  York  59,  N.  Y . 

....1113 

Prentice- Hall,  Inc. 
Englewood  Cliffs,  N.  J . 

....4527 

Press  Industrial  Equipment, 

Ltd. 

Putt  Corners  Road  N. 

P.  O.  Box  319 

New  Paltz,  N.  Y . 

....4019 

Presto  Recording  Corp. 

P.  O.  Box  500 

Paramus,  N.  J . 

....1211 

Price  Electric  Corp. 

East  Church  &  2nd  Sts. 
Frederick  1,  Md . 

....2407 

Probescope  Co. 

8  Sagamore  Hill  Dr. 

Port  Washington,  L.  I.,  N.  Y.3007-3008 

Production  Research  Corp. 
Thom  wood,  N.  Y . 

_ 1110 

Production  Sales 

8112  11th  Ave. 

Bklyn,  N.  Y . 

.  ...M-23 

Progressive  Tool  &  Die  Co. 
25  Foster  St. 

Worcester  8,  Mass . 

. 4243 

Pyramid  Electric  Co. 

1445  Hudson  Blvd. 

North  Bergen,  N.  J . 

. 2832 

Pyrofilm  Resistor  Co. 

U.  S.  Highway  46 
Parisippany,  N.  J . 

. 3938 

Q 

Quan-Tech  Laboratories 

236  Kemble  Ave. 
Morristown,  N.  J . 
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ELE( 


1124 


OiAS  MAfiWEO'x'CONCENTRiC  *  002 

t  00»  F  '  «  ON  SRECiAl  ORDER; 


LENG^HfOR  EACH  aoOiTiOSAc  Cc« 


7500 


^RRCNDlCULARlTY  «iTh:N  001  PER  'NCH  RAOHJS 


GANGING  RING 


FEATURE  TOUR  PRODUCT 

in  a  distinctive 
BALTIC  CUSTOM-BUILT  CABINET 


REF  Mfj.  Corp. 

393  Jericho  Turnpike 
Mineola,  L.  I.,  N.  Y. . 


R  &  S  Electronic  Sales  Corp. 
P.  O.  Box  217 

Hempstead,  New  York . 


RS  Electronics  Corp. 
P.  O.  Box  368,  Sta.  A 
Palo  Alto,  Calif . 


Radio  Condenser  Co. 
Davis  &  Copewood  Sts. 
Camden,  N.  J . 


Radio  Corp.  of  America 
Advertising  Dept. 

415  S.  5th  St. 

Harrison,  N.  J . 


.  and  it  needn't  be  expensive  because  |  W 

Baltic  is  especially  eqitipped  and  set  up  with 
25  years'  experience  in  the  economical  produc- 
don  oi  sheet  metal  iobricotion.  Complete  facilities 
for  assembling  and  finishing  both  long  and  short  runs. 
in  all  metals  up  to  V*”,  in  ouz  block-long  modem  plant. 

All  welding  Government  certified. 

Send  us  your  rough  sketches,  blueprints  or  specificatioiu  for  prompt 
quotations. 


Radio  Freqnency  Laboratories,  Inc. 
Powerville  Rd. 

Boonton,  N.  J . 3115  Sc  3i: 


Radio  Materials  Corp. 

3325  N.  California  Ave. 
Chicago  18,  Ill . 


The  Ramo -Wooldridge  Corp. 

5730  Arbor  Vitae  St. 

Los  Angeles  45,  Calif.' . 1105-1106 


Raytheon  Mfg.  Co. 
103  River  St. 
Waltham  54,  Mass. 


dALI  11  METAL  PRODUCTS  CO. 

126  SUTTON  ST.  BROOKLYN  22.  N.Y.  •  EVergreen  4-2300 
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George  Rattray  Sc  Co.,  Inc. 
116-08  Myrtle  Ave. 
Richmond  HUl  18,  N.  Y.  . 


Rawson  Electrical  Instr.  Co. 
no  Potter  St. 

Cambridge  42,  Mass . 


New  Precision 

MINIATURIZED 

POTENTIOMETER 


Reeves-HolTman 

Div.  Standard  Electronics  Corp. 

Cherry  &  North  Sts. 

Carlisle,  Pa . 


MODEL  087,  SIZE  9:  Sub-miniature  tyi>e  featuring  one 
piece,  precision  machined,  aluminum  housing  with  Clan 
6  stainless  steel  ball  bearings.  Solid  shell  construction 
a  ft  improves  sealing  against  moisture  and  assures 
excellent  mechanical  interchangeability.  Linear- 
ity  accuracies  to  ±0.3%  are  made  possible  by 
improved  centering  of  the  winding  and  accurate 
piloting — mechanical  stacking  inaccuracies  are 
virtually  eliminated. 


Reeves  Instrument  Corp. 
215  E.  91st  St. 

New  York  28,  N.  Y . 


The  Rex  Corp. 
Hayward  Rd. 

W.  Acton,  Mass 


Rheem  Mfg.  Co. 
Electronics  Division 
7777  Industry  Ave. 
Rivera,  Calif . 


’Small  size 
and  lightweight 
result  in 
substantial 
savings 
on  ganged 
assemblies 


Richards  Electrocraft,  Inc. 
4432  N.  Kedzie  Ave. 
Chicago  25,  ni . 

The  Richardson  Company 
27th  Ave.  &  Lake  St. 
Melrose  Park,  Ill . 


Standard  Precision  Potentiometers  available  in  miniature,  sub¬ 
miniature  and  multi-gang  types  for  every  application  requirement. 
For  complete  engineering  data,  call  or  write  for  new  Rattray  catalog. 


Rixon  Electronics,  Inc. 

2414  Reedie  Dr. 

Silver  Springs,  Md . 

Robertshaw-Fulton  Controls  Co. 
Aero  Division 
2040  East  Main 

Columbus  16,  Ohio . 


GEORGE  RATTRAY  &  COMPANY 

A  Division  of  Hardwick,  Hindio  *  Inc. 

116-08  MYRTLE  AVENUE,  RICHMOND  HILL  18,  N.Y. 

VISIT  BOOTH  3B46- 

Badio  Cngin»»rino  Show,  Now  York  Colhoom,  March  24th-27th 
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Control  of 
Rise  Time  and 
Overshoot  in 
Pulse  Transformers 


A  pulse  transformer  with  a  turns  ratio 
greater  than  unity  (n  >  1)  can  be  approxi¬ 
mated  by  the  circuit  below  for  the  duration 
of  the  leading  edge  of  the  applied  pulse. 


Where  Rs  is  the  internal  resistance  of  the 
pulse  source,  Rl  load  resistance,  Li  and  Cd, 
leakage  inductance  and  distributed  capa¬ 
citance,  respectively.  If  the  transformer  is 
matched  (Rs=N2Rl),  this  circuit  is  valid  for 
step-up  and  step-down  transformers. 

Optimum  step  function  response  (minimum 
rise  time  and  overshoot)  occurs  when 


Vi^=RL.  Under  these  conditions  over- 
Cd 

shoot  is  approximately  4%;  rise  time  from 
10%  to  90%  of  pulse  height  approximately 


equal  to  1.52'^L|Cd.  If  is  less  than  Rl, 
overshoot  and  ringing  occur.  Making 


greater  than  Rl  rounds  the  leading  edge 
and  increases  rise  time.  Circuit  designers 
should  note  that  any  shunt  capacity  in  the 
load  is  effectively  added  to  Cd  which  causes 


to  be  less  and  overshoot  greater  than 
Cd 

indicated  by  transformer  specifications. 


Leakage  inductance  and  distributed  capaci¬ 
tance  are  functions  of  winding  geometry 
such  as  insulation  pad  thickness,  wire  spac¬ 
ing,  and  interleaving.  These  parameters 
must  be  accurately  controlled  during  man¬ 
ufacture  to  meet  rise  time  and  overshoot 
specifications.  In  the  Pulse  Engineering 
Stat-Tran*,  a  rectangular  coil  form  permits 
precise  control  of  the  winding  configuration 
which  contributes  to  uniform  leading  edge 
response. 


A  new  catalog  describing  the  Stat-Tran*  and 
other  pulse  transformers  is  yours  for  the 
asking. 

*R*8iitar«d  T.M.  5 


Pulse 

Engineering 


Inc. 


2S57  Sprins  Street 
REDWOOD  CITY  CAL.irORNIA 
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Robinson  Aviation,  Inc. 

Teterboro  Air  Terminal 
Teterboro,  N.  J . 2506,  2508 

Roller- Smith  Corp. 

Instrument  Div. 

1825  W.  Market  St. 

Bethlehem,  Pa . 2743 

Rosan,  Inc. 

2901  W.  Coast  Highway 

Newport  Beach,  Calif . 4431 

Rotating  Components,  Inc. 

267  Green  St. 

Brooklyn  22,  N.  Y . 3920 

Rotron  Mfg.  Co. 

7-9  Schoonmaker  Lane 
Woodstock,  N.  Y . 2334-2336 

The  Royal  McBee  Corp. 

Westchester  Ave. 

Port  Chester,  N.  Y . 1825 

Rost  Industrial  Co.,  Inc. 

130  Silver  Street 

Manchester,  N.  H . M-16 

Rutherford  Electronics  Co. 

8944  Lindblade  St. 

Culver  City,  Calif . 1201 

S 

Sage  Laboratories,  Inc. 

159  Linden  St. 

Wellesley  81,  Mass . 3930 

Sanborn  Co. 

175  Wyman  St. 

Waltham  54,  Mass . 3601-3603 

Sanders  Associates,  Inc. 

Nashua,  N.  H . 3933 

San  Fernando  Electric  Mfg.  Co. 

1509  First  St. 

San  Fernando,  Calif . 2710 

Sangamo  Electric  Co. 

11th  and  Converse  Sts. 

Springfield.  HI . 1213 

Sargent  Electric  Corp. 

630  Merrick  Road 

Lynbrook,  N.  Y . 3026 

Carl  W.  Schutter  Corp. 

80-90  E.  Montauk  Highway 
Lindenhurst,  L.  I  ,  N.  Y. . .  .3059-3060 

Smith  Paper  Division 
Peter  J.  Schweitzer,  Inc. 

Lee,  Mass . 1233 

Peter  J.  Schweitzer,  Inc. 

261  Madison  Ave. 

New  York  16,  N.  Y . 1233 

Scientiflc-Atlanta,  Inc. 

2162  Piedmont  Rd.,  N.  E. 

Atlanta  9,  Ga . 1428 

Sealectro  Corp. 

610  Payette  Ave. 

Mamaroneck,  N.  Y . 3714 

Secon  Metals  Corp. 

7  Intervale  St. 

White  Plains,  N.  Y . 4109 

Sensitive  Research  Instrument  Corp. 
310-316  Main  St. 

New  Rochelle,  N.  Y . 3410  &  3412 

Servo  Corp.  of  America 

2020  Jericho  Turnpike 

New  Hyde  Paik,  L.  I.,  N.  Y.  3615-3617 


New  higher  sensitivity 

GAUSSMETERS 


Rawson-Lush  patented  Rotating  Coil  type, 
now  available  with  a  wide  range  of 
coil  sizes^  to  give  different  sensitivifiez.  New 
large  coil  type  726  indicates  the  Earth's 
magnetic  field. 

FEATURES-Type  726; 

•  R^es  3  —  10  —  30—  100  —  300  — 
1000  gausses  full  scale,  all  in  one  in¬ 
strument.  Tip  diameter  VW. 

•  Guaranteed  accuracy  1%  or  better. 
Readings  are  obtained  on  a  high-qual¬ 
ity  laMratory  type  meter  with  a  five 
inch  scale  length,  knife  edge  pointer, 
mirror  scale. 

•  Does  not  require  field  uniformity.  Coil 
gives  average  field  over  its  volume,  so 
a  distorted  field  can  be  measured. 

•  AAeasures  component  of  the  field  in  a 
desired  direction,  as  well  as  total  in¬ 
tensity. 

a  Simple  operating  principles,  simple  to 
use  and  maintain. 

a  Compact  and  portable,  just  one  meter 
and  long  probe  unit. 

Also  available — type  S04  Fluxmeter,  for 

measuring  lines  in  magnetic  circuits.  Send 

for  bulletins. 

RAWSON  ELECTRICAL 
INSTRUMENT  COMPANY 

fine  instruments  since  IRIS 
111  Potter  Street  Cambridge,  Mass. 
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CABLE 

CLIPS 

★ 

for  severe  conditions 

★ 


SCREWS 

and  NUTS 

★ 

Acid  resistant 

★ 

Need  no  insulotion 

★ 

Can't  rust 

★ 

Can't  corrode 


WECKESSER  COMPANY 

5701  Northwost  Highwoy  »  Chicoqo  30,  9L 
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gervomechanlsms,  Inc. 
625  Main  St. 

Westbury,  L.  I.,  N.  Y. . 


NEW  FAST  SERVICE 
TOROIDS  and 
ELECTRONIC 
TRANSFORMERS 


Serv'onics,  Inc. 

822  N.  Henry  St. 
Alexandria,  Va.  .. 

Shallcross  Mfff.  Co. 
10  Jackson  Ave. 
CoUingdale,  Pa.  . . . 


Shielding,  Inc. 

North  Reed  Ave.,  P.  O.  Box  59 
Riverton,  N.  J . 1114 


Sightmaster  Corp. 
85  Beechwood  Ave. 
New  Rochelle,  N.  Y 


Sigma  Instruments,  Inc. 
170  Pearl  St. 

S.  Braintree  85,  Mass. . . 


UP  TO  SIX 

MADE  TO  YOUR  SPECIFICATIONS 

SHIPPED  WITHIN  ONE  WEEK 


Simberkoff  Sales  Co. 
68  Hudson  St. 
Hoboken,  N.  J . 


Sierra  Electronic  Corp. 
3885  Bohannon  Dr. 
Menlo  Park,  Calif . 


Visit  our  Hospitality  Suite  at  the  Waldorf  during  I.R.E.  Show 


Simpson  Eiectric  Co. 
5200  W.  Kinzie  St. 
Chicago  44,  Ill . 


Skydyne,  Inc. 
River  Rd. 

Port  Jervis,  N.  Y 


Herman  H.  Smith,  Inc. 
2326  Nostrand  Avenue 
Brooklyn  10,  N.  Y _ 
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Sola  Electric  Co. 
4633  W.  16th  St. 
Chicago  50,  m.  . 


Solartron  Inc. 

530  Cooper  St. 
Camden  2,  N.  J. 


Sonotone  Corp. 
Elmsford,  N.  Y. 


Sorensen  &  Co.,.  Inc. 

Richards  Ave. 

South  Norwalk,  Conn . 2627-2629 

Sonthco  Div. 

South  Chester  Corp. 

3rd  and  No.  Gov.  Prlntz  Blvd. 

Lester,  Pa . 3808 

Sonthem  Electronics  Corp. 

150  W.  Cypress  Ave. 

Burbank,  Calif . 2309 

Sonthwestem  Indnstrial  Electronics 
Co. 

2831  Post  Oak  Rd. 

P.  O.  Box  13058 

Houston  19,  Texas . 3307-3309 

Spanlding  Fibre  Co.,  Inc. 

310  Wheeler  St. 

Tonawanda.  N.  Y . 4519-4521 

Specific  Prodncts 
21051  Constanso  St. 

Box  425 

Woodland  Hills,  Calif . 1108 

Sperry  GjrroMope  Co. 

Division  of  Sperry  Rand 

Great  Neck,  L.  I.,  N,  Y . 1416-1422 

Sprague  Electric  Co. 

97  Marshall  St. 

Nia-th  Adams,  Mass . 2416-2424 


•  KEY.  HIGH-LEVEL  ' 

'  management  and  staff 

POSITIONS  ARE  NOW  AVAILABLE 
TO  QUALIFIED  PERSONS  AT: 


Call  David  Potter  at  the 

Waldorf-Astoria  Hotel 
(Eldorado  5-3689)  during  the  I.R.E. 
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ATTLEBORO  FALLS,  MASSACHUSETTS 
NEW  YORK -175  FIFTH  AVENUE 


Write  Today  for  Colorful  Catalog:  Dept.  A1 
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E.  Stanwyck  Coil  Company 
75  Carson  Ave. 

Newburgh,  N.  Y . 4113 

Star  Expansion  Products  Co. 

P.  O.  Box  108 

Mountainville,  N.  Y . 4522 

Stepper  Motors  Corp.,  N.  Y. 

11879  W.  Florence  Ave. 

P.  O.  Box  466 

Culver  City,  Calif . M-8 


^  WE  LWYN 

Hermetically  Sealed 
Deposited  Carbon  Resistors 


standard  Electrical  Products  Co. 
2240  E.  Third  St. 

Dayton  3,  Ohio . 3805-.T807 


1621 


2121 


2226 


George  Stevens  Mfg.  Co. 

6022  N.  Rogers  Ave. 

Chicago  30,  Ill . 4218,  4220 


2937 


Stewart  Stamping  Co. 

630  Central  Park  Ave. 
Yonkers  4,  N.  Y . 

Herman  H.  Sticht  Co.,  Inc. 
27  Park  PI. 

New  York  7,  N.  Y 


4039 


3044 


4038 


2729-2731 


Sutton  Publishing  Co.,  Inc. 

172  S.  Broadway 

White  Plains,  N.  Y . 4028 


. 4131 


Swiss  Jewel  Co. 

Lafayette  Bldg. 

5th  &  Chestnut  Sts. 

Philadelphia  6,  Pa . 4034 

Switchcraft,  Inc. 

1328  N.  Halstead  St. 

Chicago  22,  Ill . 2228 

Sylvania  Electric  Products,  Inc. 

1740  Broadway 

New  York  19.  N.  Y . 2402-2408 

2501-2507 


High  stability  resistors  bonded  into  glazed  and  vitrified  ceramic  shells 
for  complete  protection  against  ambient  humidity  changes. 

Silicone  oil  filled  —  acts  as  efficient  convective  medium  for  improved 
heat  dissipation.  Also  serves  as  infallible  quality  control  for  detecting 
seal  leakage  defects. 

As  part  of  quality  control,  each  resistor  is  subjected  to  sustained 
pre-load  test  at  1%  times  rated  wattage.  Insures  against  catastrophic 
failures  under  normal  operating  conditions. 

Designed  to  meet  military  specifications. 

MIL-R-10509  (current  issue) 

for  complete  data,  write  to: 

WELWYN  INTERNATIONAL,  INC. 

3355  Edgecliff  Terrace,  Qeveland  11,  Ohio 
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A 

JOB 

FOR 

MailMaster 

with  the  flexible 
wire  fastener. 


The  extra  strength 
and  light  weight  of 
Mason's  famous 
shipping  box  makes 
it  the  ideal  package 
for  in-plant  storage 


*  and  assembly. 


COMPANY 
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Sterling  Precision  Corp. 
Instrument  Division 
17  Matinecock  Ave. 

Port  Washington,  N.  Y. 


Sterling  Transformer  Corp. 
297  N.  7th  St. 

Brooklyn  11,  N.  Y . 


Stevens  Mfg.  Co.,  Inc. 
P.  O.  Box  1007 
Mansfield,  Ohio . 


Stevens-Amold,  Inc. 
7  Elkins  St. 

S.  Boston  27,  Mass. . . 


Edwin  B.  Stimpson  Co.,  Inc. 
70  Franklin  Ave. 

Brooklyn  5,  N.  Y . 


4415 


The  Superior  Electric  Co. 
83  Laurel  St. 

Bristol.  Conn . 


Surprenant  Mfg.  Co. 
172  Sterling  St. 
Clinton,  Mass . 


Syntronic  Instruments,  Inc. 
170  Industrial  Road 
Addison,  Ill . 


Supa  Insulations  Inc. 

123  East  Bassett  St. 
Rocky  Mount,  N.  C . 


Synthane  Corp. 
12  River  Rd. 
Oaks,  Pa . 


2902-2968 
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F.  J.  Stokes  Corp. 
5500  Tabor  Rd. 
Philadelphia  20,  Pa 


MEASUREMENTS 

A  McGrowEdison  Division 
BOONTON, NEW  JERSEY 


Systron  Corp. 

2055  Ckincord  Blvd. 
Concord,  Calif.  .. 


You  Get  Things  Done  With 
Boardmaster  Visual  Control 


Trans  ■lactronics,  Inc. 


MANUFACTURERS 


pow«r  supp/j«f  •  Mmiconducfor  •<|urpm«n# 


Tape  Cable  Corp. 
790  Linden  Ave. 
Rochester  10.  N.  Y. 


Taurus  Corp. 

8  Coryell  St. 

Lambertville,  N.  J . 

Tech  Laboratories,  Inc. 
Bergen  &  Edsall  Blvds. 
Palisades  Park,  N.  J . 

Technical  Appliance  Corp. 
P.  O.  Box  38 

Sherburne,  N.  Y . 


Transistor  or  Hard  Tube 


Voltage 
regulated 
or  current 
regulated 


Variable 

or 

Fixed 


Regulated 

or 

Unregulated 


Technical  Infonnation  Corp. 

41  Union  Square 

New  York  3.  N.  Y . 


4532 A 


^  Gives  Graphic  Picture  of  Your  Operations — 
Spotlighted  by  Color 

^  Focts  at  o  glance  —  Saves  Time,  Saves 
Money,  Prevents  Errors 

Simple  to  operate  —  Type  or  Write  on 
Cords,  Snap  in  Grooves 
^  Ideal  for  Production,  TrafRc,  Inventory, 
Scheduling,  Sales,  Etc. 

^  Mode  of  Metal.  Compact  and  Attractive. 
Over  250,000  in  Use 


The  Technical  Materiel  Carp. 
700  Penimore  Rd. 
Mamaroneck,  N.  Y . I® 


Modular  for  easy 
substitution  ^ 
Floating  outRUtT'^^j^ 
,Caref^tljt  engWered 
.For bench  or  rack  use 
Barrier  type 
terminal  strip 
For  breadboard  or 
original  equipment 


MODELS  RS217A 
RS317 


Technical  Products  Co. 
Instrument  Div. 

6670  Lexington  Ave. 
Los  Angeles  38,  Calif.  . 


Technicraft  Labs.,  Inc. 
Thomaston-Waterbury  Rd. 
Thomaston,  Conn . 


Complete  price 


including  cards 

24-PAGE  BOOKLET  NO.  C-10 
Without  Obligation 
Write  for  Your  Copy  Today 

GRAPHIC  SYSTEMS 

55  West  42nd  Street  e  New  York  36,  N.  Y. 
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Technitrol  Engineering  Co.  ■ 

1952  E.  Allegheny  Ave. 

Philadelphia  34,  Pa . 3120 

Technology  Instrument  Corp. 

531  Main  St. 

Acton,  Mass . 2318-2320 

Tektronix,  Inc. 

49  Pondfleld  Rd. 

Bronxville  8,  N.  Y . 3027-3030 

Telechrome  Mfg.,  Inc. 

28  Ranick  Drive 

Amltyville,  L.  I..  N.  Y . 1207-1209 

Telecomputing  Corp. 

915  N  Citrus  Ave. 

Los  Angeles  38,  Calif . 2128 

Telerad  Mfg.  Corp. 

1440  Broadway 

New  York  18,  N.  Y . 3241 

Teletronics  Laboratory,  Inc. 

54  Kinkel  Street 

Westbury,  L.  I.,  N.  Y . 3417 

Telewave  Laboratories,  Inc. 

43-20  34th  St. 

Long  Island  City  1,  N.  Y . 3208 

Telex,  Inc. 

1633  Eustis  St. 

St.  Paul  1,  Minn . 3009 

Td-Instmment  Electronics  Corp. 

728  Garden  St. 

Carlstadt,  N.  J . 3406,  3408 


Rack  mounted 
SM.SO 

Rack  mounted 
with  meters 
$134.50 


‘Supplitt  with  olhtr  ranges  or 
modihcotionr  of  thoto  uniu 
alto  ovailablo. 


SPECIFICATIONS 


Filament  Output:  6.3  volts  CT  AC 
@  8  amperes  (unregulated). 

Current  Range:  0-175  milliamperes, 
continuous  duty. 

Ripple  and  Noise:  7  millivolts  peak-to-peak 
maximum. 

‘DC  Voltage  Range:  Model  RS-217A, 

150-225  volts,  continuously  adjustable. 
Model  RS-317,  225-325  volts,  continuously 
adjustable. 

Recovery  Time:  Less  than  25  microseconds. 
Inpot  Veltagt:  105-125  volts,  60  cps,  AC. 
Internal  Impedance:  Less  than  1  ohm. 

Lead  Regulation:  0.1% 

Lino  Regulation:  0.1%. 


MODEL  84-TVR 


FEATURES 

•  Accurately  calibrated  mutual 
inductance  type  attenuator 

•  0.1  mkrovoK  to  0.5  volt  output 

•  Negligible  stray  field  and  leakage 

•  Low  residual  AM  and  FM 

WRITE  FOR  BULLETIN 


Teleonic  Industries,  Inc. 
73  N.  Second  Ave. 

Beech  Grove,  Ind . 


Note.-  We  welcome  opporluniliot 
to  dittua  your  tporial 
power  supply  requirement!. 


Telrex  Labs. 

26  Neptune  Highway 
Asbury  Park,  N.  J . 

Temperature  Engineering  Corp. 
U.  S.  Highway  No.  130 
Riverton,  N.  J . 


Trans  ■lactronics,  Inc. 


7349  Canoga  Avenue 
Canoga  Park,  California 
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M.  Ten  Bosch,  Inc. 
80  Wheeler  Ave. 
Pleasantville,  N.  Y. . . 


....1316 


1 

\ 


Tenney  Engineering,  Inc, 
1090  Springfield  Rd. 
Union,  N.  J . 


hi  MCV 
LOCKNUT 


.-tiicvf 


Tensolite  Insulated  Wire  Co.,  Inc. 
198  Main  St. 

Tarrytown,  N.  Y . 43 


iMIK  locknut 


Texas  Instruments,  Inc. 
6000  Lemmon  Ave. 
Dallas  9,  Texas . 


SLCCvc 


Thermal  Dynamic  Products,  Inc. 
Div.  of  Waltham  Precision  In¬ 
strument 
38  West  53rd  St. 

New  York  19,  N.  Y . 


-WAKf 


StCtvc 


Thomas  Electronics,  Inc. 
118  Ninth  St. 

Passaic,  N.  J . 


APPROX.^ 
TWICE  4 
SIZE 

Most  manufacturers  of  Transistor 
radios  use  SWITCHCRAFT  “TINI- 
JAX”  for  the  ear-set  connection. 
Subminiature  design  with  all  the  out¬ 
standing  features  of  the  “Littel-Jax.” 
“Tini-Plugs”  and  “Tini-Extension-Jax” 
available. 


CcoeinoN; 

•acak 


Thomas  &  Skinner,  Inc. 
1120  E.  23rd  St. 
Indianapolis  7,  Ind .... 


BOOTH  2228 
RADIO  ENGINEERING  SHOW 
N.  Y.  Coliseum— Mar.  24-27 


Thompson  Products,  Inc. 
2196  Clarkwood  Rd. 
Cleveland  3,  Ohio . 


Thor  Ceramics,  Inc. 
225  Belleville  Ave. 
Bloomfield,  N.  J.  . . . 


Writt  for  Catalog  S-5$. 


1336  N.  HALSTED  ST. 


Times  Facsimile  Corp. 
540  W.  58th  St. 

New  York  19,  N.  Y. . . . 


CHICAGO 

Canadian  Rap:  Atlas  Radio  Corp.,  ltd.,  50  Wingold  Ave.,  Toronto,  Ontario. 
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Tinnerman  Products,  Inc. 
P.  O.  Box  6688 
Cleveland  1,  Ohio . 


Tower  Construction  Co. 
2700  Hawkeye  Dr. 

Sioux  City,  Iowa . . 


for  control  of 

Audio  Frequency 
VOLTAGES! 


Transformers  Inc. 
200  Stage  Rd. 
Vestal,  N.  Y . 


Transistor  Applications  Inc. 

50  Broad  Street 

Boston  9,  Mass . 


Transitron  Electronic  Corp. 
168  Albion  St. 

Wakefield,  Mass . 


Travco  Associates 
148-03  Hillside  Ave. 
Jamaica  35,  N.  Y. . . 


I _ I  Designed  to  fill  the  need  for 

AC  standard  cell  .  .  .  rack 
mounted  or  operated  in  attractive  laboratory  bench  cabinet.  Model 
AVS-320  (illustrated  above)  has  these  specifications: 

Output  voltages  1 — 10 — 100 — 300  RMS;  frecpiency  30  cycles  to  20  KC; 
input  voltage  1  volt  RMS;  output  regulation  ±0.1%  (for  period  of 
30  days);  distortion  less  than  0.025%;  regulation  response  less  than 
200  milli-sec;  power  source  105  to  125V  AC,  60  cycles,  150  watts.  It 
is  7"  high.  19"  wide,  13"  deep — and  weighs  30  lbs. 


Triad  Transformer  Corp. 
4055  Redwood  Ave. 
Venice,  Calif . 


Trio  Laboratories,  Inc. 

4025  Merrick  Rd. 

Seaford,  L.  I.,  N.  Y . 305 

The  Tripiett  Electrical  Instrument 
Co. 

286  Harmon  Rd. 

Bluffton,  Ohio  . 281 


Tri-Point  Plastics,  Inc. 
175  I.  U.  Willets  Rd. 
Albertson,  N.  Y . 


Want  more  details? 
Just  ask  for  them  now. 


Tni-Ohm  Products  Div. 

Model  Engineering  &  Mfg.,  Inc. 
2800  N.  Milwaukee  Ave. 

Chicago  18,  Ill . 
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Tung- Sol  Electric,  Inc. 

95  8th  Ave. 

Newark  4,  N.  J . 2833-2839 

Turbo  Jet  Products  Co.,  Inc. 

424  South  San  Gabriel  Blvd. 

San  Gabriel,  Calif . 3924 

U 

George  ITlanet  Co. 

413  Market  St. 

Newark  5,  N.  J . 2119 

Union  Carbide  Corp. 

32-40  43rd  Ave. 

Long  Island  City  1,  N.  ¥...2822-2828 

Union  Switch  &  Signal  Div. 

Westinghouse  Air  Brake  Co. 

Pittsburgh  18,  Pa . 2122-2124 

Unisco.  Inc. 

1061  Linden  Ave. 

Eidgefleld,  N.  J . 4032 

Unistrut  Products  Co. 

14  Woolsey  St. 

Irvington,  N.  J . 1426 

United  Catalog  Publishers,  Inc. 

60  Madison  Ave. 

Hempstead,  N.  Y . 4526 

United  Electronics  Co. 

42  Spring  St. 

Newark  4,  N.  J . 2934 

United  Mineral  &  Chemical  Corp. 

16  Hudson  Street 

New  York  13.  N.  Y . ...1321-1323 

United  Transformer  Corp. 

150  Varick  St. 

New  York  13,  N.  Y . 2413,  2414 

U.  S.  Components,  Inc. 

454-462  East  148th  St. 

New  York  55,  N.  Y . 2706 

U.  S.  Electronics  Development  Corp. 

1323  Airway 

Glendale  1,  Calif . 3934 

Fluorocarbon  Prods.,  Inc.  Div. 
n.  S.  Gasket  Co. 

932  Kaighns  Ave. 

Camden,  N.  J . 4036-4037 

U.  S.  Stoneware  Co. 

Alite  Div. 

Orrville,  Ohio . 4515  8t  4517 

United  States  Testing  Co.,  Inc. 

1415  Park  Ave. 

Hoboken,  N.  J . 2900 

The  U.  S.  Time  Corp. 

500  Fifth  Ave. 

New  York  36,  N.  Y . 2335 

Unitek  Corp. 

Weldmatic  Div. 

380  No.  Halstead  Ave. 

Pasadena,  Calif . 4417 

Universal  Electronics  Co. 

1720  22nd  St. 

Santa  Monica,  Calif . 3238 

Universal  Mfg.  Co.,  Inc. 

410  Hillside  Ave. 

Hillside,  N.  J . 4530 

Universal  Transistor  Products  Corp. 

143  E.  49th  St. 

New  York  17,  N.  Y . 3937-3939 

Universal  Winding  Co. 

1655  Elmwood  Ave. 

Cranston  10,  R.  1 . 4313-4315  i 


**.SoUse 

^A.  W.  HAYDON 

company’s 

SUB-MINIATURE  HERMETIC 

ELAPSED  TIME  INDICATORS. 

You,  too,  can  afford  the  space  to  keep  track 
of  time!  From  now  on,  these  really  small 
(I'/i")  Elapsed  Time  Indicators  will  keep 
company  with  the  best  of  Electronic  Miracles. 


The  dial  type  units  read  up  to  2,500  hours  in 
one  hour  increments,  while  the  digiul  type  units 
read  up  to  9999.9  hours  in  one-tenth  hour  in¬ 
crements.  Designed  for  military  applications, 
these  4^2  ounce  units  can  save  valuable  panel 
space  in  industrial  and  electronic  applications.* 


The  400  cycle  mod-  I  i  hMiKfWM 
els  now  in  produc- 

tion  are  described  ■  inl  0  M  P  A  N  Y 

in  Bulletin  AWH  ET  ■  lu  ST  v  v  m  r  •»  n  e 
602.  ■  Jgl  JM  235  NOBTMIlMSTniir 

wATieeuev  so.  connicticut 
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WE  ARE  SPECIALLY  ORGANIZED 
TO  HANDLE  DIRECT  ORDERS  OR 
ENQUIRIES  FROM  OVERSEAS 
SPOT  DELIVERIES  FOR  U.S. 

BILLED  IN  DOLLARS - 
SEHLEMENT  BY  YOUR  CHECK 

CABLE  OR  AIRMAIL  TODAY 


capo 

often 


citanoe 


ooffon 


TRANSRADIO  LTD.  138a  Cromwell  Rd.  London  SW7  ENGUND  tJUM:  nuuu,  UMa 
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321 


iJONES 

SHIELDED  TYPE 

PLUGS  &  SOCKETS 


+ 

P.101-V4 

t 


LOW  LOSS  PLUGS  AND 
SOCKETS  FOR  HIGH 
FREQUENCY 
CONNECTIONS. 
SUPPLIED  IN  1  AND  7 
CONTACT  TYPES: 

101  Series  con  be  fur¬ 
nished  with  V*",  .290", 
5/16",  %"  or  Vi"  fer¬ 
rule  or  coble  entrance. 
Knurled  nut  securely 
fastens  unit  together. 
Plugs  hove  ceramic  in¬ 
sulation  and  sockets 
have  bakelite.  Quality 
construction.  Fine  fin¬ 
ish.  Assembly  meets 
Navy  specifications. 

For  full  details  and  en¬ 
gineering  data  ask  for 
Jones  Catalog 

No.  CS-21 

JONES  MEANS 
Proven  Quality 


Visit  Booth  2535  at  the  i.R.E.  Show 
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ABRASIVE  CORDS  &  TAPES 


'*Th«  Machinist's  Friend" 


\  POLISHING 

'  ^  AND 

BURRING 

/Jl  SMALL  HOLES, 
SLOTS,  DIES, 
ETC 

Usetui  in  many  ways 
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Vacniun-Electronic  Engineering  Co. 
86  Denton  Ave. 

New  Hyde  Park,  L.  I.,  N,  Y. 3005-3006 

Electronics  Div. 

Van  Norman  Industries,  Inc. 

186  Granite  St. 

Manchester,  N.  H . 3513 

D.  Van  Nostrand  Co.,  Inc. 

120  Alexander  St. 

Princeton,  N.  J . 4514 

Varian  Associates^ 
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Varian  Associates 
Microwave  Tube  Div. 

611  Hansen  Way 

Palo  Alto,  Calif . 2911-2915 
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70  Sargeant  St. 

Hartford  2,  Conn . 1823 

Victor  Adding  Machine  Co. 

3900  N.  Rockwell  St. 

Chicago  18,  Illinois . 1320 

Victoreen  Instrument  Co. 

5806  Hough  Ave. 

Cleveland  3,  Ohio . 2232 

Victory  Engineering  Corp. 
Springfield  Rd. 

Union,  N.  J . 2230 


Viking  Industries,  Inc. 
21343  Roscoe  Blvd. 
Canoga  Park,  Calif.  .. 
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WIDE  BAND 
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Model  600  Super  Video 

AMPLIFIER 


APPLICATIONS 

•  Frequency  Counter 
Pre  -  Amplifier 

•  Sig.  Generator  Output  Booster 

•  Pulse  Amplifier 

•  Delay  Line  Testing 

•  Noise  Measurement  Amplifier 

SPECIFICATIONS 

Bandpass 

200  cp>  fo  so  mc4 

Gain 

40  db  ±1  V>  mefehtd  load) 

Input-Output  Impedance 

90  ohm< 

Max.  Undistorted  E  out 

2.0  V  RMS  matched;  open  cW.  5.0  V  RMS 
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Max.  Pulse  Out 
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Pulse  Delay  Time 

20  mpMct. 
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300  fflMMCt. 

Noise  Figure 
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Gain  Control  Range 

20  db 

Linear  Range  at  Full  Gain 

60  db,  approx jmof* 
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field?  Don't  think  twica  . .  ask 
for  Mr.  Hicks  of  IFI.  An  Infer- 
mil,  confidential  interview  will 
convince  you  to  Join  IFI. 
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NUTRON 

Portable  Reguloted 
Power  Supplies 


NEW!  FOR 
TRANSISTOR  WORK 

®  Model 
PR-1  A 

•  Hi-Rang«:  0-120  V 
•  High  Current;  1  Amp.  DC 
*  Regulated  DC  or  AC  output 
•  Extremely  low  ripple 
•  Available  in  rock  mounting 


SPECIFICATIONS: 

Input:  95-130V,  60  Cycles 
DC  Output;  0-1 20V,  0-1  Amp. 

AC  Output:  0-I30V,  0-1  Amp. 
Regulation;  ±  1%  for  line  95-130  V 
Completely  isolot^  output 

Some  other  opplicatiens: 

Versatile  Production  Test  Supply 
DC  or  Ac  motor  control 
Fine  control  of  soturoble  reactors 
Regulated  DC  or  AC  filament  supply 
Regulated,  adjustable  line  source 
A  basic  unit  for  any  loborotory 
Write  for  Technical  Bulittin  CR-14. 

FOR  VACUUM 
TUBE  APPLICATIONS 

Model  PR-100 

•  Range  120-300 
VDC 

•  0.1  Ampere  over 
entire  range 

•  Fine  Vernier  Ad¬ 
justment 

•  Ripple  &  Noise 
below  5  mv. 
rms. 

•  Better  than  0.1% 
regulation  NL 
to  FL 

•  Isolated  outputs 

•  Input  105-125  V,  50-60  Cycles 
Other  uses 

Calibration  of  meters,  potentiometers,  etc. 
Components  test  setups,  inspection 
Computer  development  &  Servicing 
Continuously  adjustable  reference  supply 
Write  for  technical  bulletin  CP-314. 

SEE  US  AT  BOOTH  4020,  IRE  SHOW 
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67  Monroe  Ave 
Staten  Island  1,  New  York 


CIRCLE  320  READERS  SERVICE  CARD  < 


Warren  Wire  Co. 

I*ownal,  Vermont . 4208 

Waterman  Products  Co.,  Inc. 

2445  Emerald  St. 

Philadelphia  25.  Pa . 1902-1904 

Waters  Manafactnrin|r,  Inc. 

Boston  Post  Road 

Wayland,  Mass . 3024 


Waveforms,  Inc. 

333  Sixth  Ave. 

New  York  14,  N.  Y . 3220 

Waveline,  Inc. 

Passaic  Ave. 

P.  O.  Box  718 

Caldwell  Township,  N.  J . 3313 


Wayne  Kerr  Laboratories  Ltd. 

2920  North  4th  St. 

PhUadelphia  33,  Pa . 3043 

Weckesser  Co. 
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Chicago  30,  HI . 4003-4004 

W.  M.  Welch  Manufacturing  Co. 
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Chicago  10.  lU . 4214 

WestUne  Products  Div.  of  Western 
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600  E.  Second  St. 

Los  Angeles  54,  Calif . 4319 

Westinghoose  Electric  Corp. 

3  Gateway  Center 
P.  O.  Box  2278 

Pittsburgh  30,  Pa . 1402-1607 

White  Aircraft  Corp. 

Palmer,  Mass . 4511 

Wheeler  Labs.,  Inc. 

122  Cutter  Mill  Rd. 

Great  Neck.  N.  Y . 1332 

Roger  White  Electron  Devices,  Inc. 
Fourth  Ave. 

Haskell,  N.  J . 3605 

John  Wiley  &  Sons,  Inc. 

440  Fourth  Ave. 

New  York  16,  N.  Y . 4322 

Winchester  Electronics,  Inc. 

Willard  Rd. 

Norwalk,  Conn .  2836 

Wind  Turbine  Co. 

248  E.  Market  St. 

West  Chester.  Pa . 1712-1714 


Wright  Metalcoaters,  Inc. 

255  West  St. 

South  Hackensack,  N.  J . 4047 

Y 

Yardney  Electric  Corp. 

4046  Leonard  St. 

New  York  13.  N.  Y . 2127 
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The  Zell  Products  Corp, 

276-80  Main  Street 

Norwalk,  Conn . 4045 

Zero  Mfg.  Co. 

1121  Chestnut  St. 

Burbank,  Calif . 4014 

The  Zippertubing  Co. 

752  South  San  Pedro  St. 

Los  Angeles  14,  Calif . M-5 
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NESOR  offers  a  complete  range 
of  fine  wire  in  all  Ferrous,  Non- 
Ferrous,  and  Precious  Metals.  We 
are  specialists  in  the  fabrication 
of  special  wires  for  the  stringent 
requirements  of  Semi-Conductors 
(Transistors,  Diodes,  etc). 

Other  specialties  are:  High  purity 
aluminum — 99.999%  for  silicon 
rectifiers.  Tinned  and  bare  wire 
supplied;  wire  also  cut  to  preci¬ 
sion  sizes  for  leads. 

Metals  and  Alloys  in  Stock: 

•  Aluminum  and  Alloys 

•  Brass  and  Alloys 

•  Phosphor  Bronxe 

•  Copper:  Bore,  Tinned, 

Silver  Plated 

•  Lead  ond  Solder  Alloys 

•  Monel,  Monel-Nickel,  Nickel 

•  Steels:  Copper  Coated,  High 
and  Low  Carbon,  Stainless 

ELEaRO-PLATING  SERVICE: 

Ultra-nnodem  placing  facilities  for  wire, 
ribbon,  and  compemenc  parts.  Tin, 
copper,  nickel,  indium,  and  precious 
metals  can  be  plated  over  base  metals 
to  your  specifications. 
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NEW  BOOKS 


Propagation  des  Ondes 
Electromagnetiques 
de  Haute  Frequence 

By  J.  Ortusi. 

Societe  Francaise  De  Documenta¬ 
tion  E/ectronique,  Paris,  1957 
320  p,  3,100  fr. 

This  book  is  the  second  of  a 
French  scientific  series  entitled 
“Collection  des  Annale  de  Radio- 
electricite”  edited  by  M.  Ponte.  It 
deals  with  the  subject  of  high-fre¬ 
quency  electromagnetic  wa\e  prop¬ 
agation. 

The  author  has  confined  himself 
to  three  areas  of  current  interests, 
each  co\ered  by  a  separate  chapter. 
These  three  areas  are  wave  propa¬ 
gation  in  anisotropic  media,  mul¬ 
tiple  terminal  waveguides  and  wave 
propagation  around  the  earth. 

Two  other  chapters  deal  prima¬ 
rily  in  basic  background  materiak 
for  these  specialized  topics.  The 
first  is  a  brief  treatment  in  Max¬ 
well’s  equations  and  energy  rela¬ 
tionship.  The  second  chapter  deals 
with  mathematics  involved  in 
propagating  waves.  Most  of  these 
introductory  materials  can  of  course 
be  found  in  ordinary  text  books, 
but  they  are  useful  for  reference 
and  guidance  in  the  notations  used 
by  the  author  for  subsequent  devel¬ 
opment. 

Major  Areas— The  high-frequency 
wa\  e-propagation  field  consists  of 
mainlv  two  major  areas,  namely 
one  in  dealing  with  the  wave¬ 
guide  components  with  which  the 
energy  is  directed  and  trans¬ 
formed  in  the  equipment  and  the 
other  in  dealing  with  the  electro¬ 
magnetic  wave  propagation  in  the 
space  after  radiated  from  the  an¬ 
tenna.  In  these  two  areas,  two 
major  new  developments  occurred 
in  the  last  few  years.  In  the  com¬ 
ponent  field,  the  introduction  of  an¬ 
isotropic  media  such  as  ferrites  not 
only  offers  challenging  problems  for 
theoreticians,  but  also  offers  a  great 
deal  of  opportunity  for  engineers 
to  make  entirely  new  microwave 
devices  such  as  circulators,  isolators 
and  other  nonreciprocal  devices. 
Since  these  are  new'  developments, 
it  is  useful  to  have  such  a  summary 
of  the  basic  theories  involving  anis¬ 
otropic  medium  which  now  apjjears 
onlv  in  scattered  literatures.  The 
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standard  commercial  screws — so  that  they 
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mounting  surfoce.  Molded  of  nylon  they  have 
a  low  dielectric  constant,  relatively  high  dielectric 
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frequencies  .  .  .  are  particularly  suited  for 
screw  insulator  applications,  where  high  tensile 
and  torque  requirements  call  for  non-insulating 
screws.  Naturally  elastic  and  resilient,  they 
can  also  be  used  as  light-load  bearings. 
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OBSTRUCTION  LIGHIIHG 

problem? 

Your  Beet  4ft«^r  «• 


EQUIPMENT 

Plus 

MODERN  COIL 
HANDLING 

Insure  perfection  in  ' 

all  DANO  COILS 


•  Encapsulated  coils  ...  in 
either  polyester  or  epoxy 
resins. 

•  Coils  for  high  temperature 
applications. 

•  Bobbins  coils. 

o  Paper  interleave  coils. 

•  Cotton  interweave  coils. 

o  Form  wound  coils. 


MODEL  LCS2-9Ar 
Tower  Lighting 
Control  Unit 
(Outdoor  typo) 


Photo-oloctric  control 
(2  or  3  polo) 
Remote  Ph^otubo, 
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MANY  OTHER  MODELS  AVAILABLE 
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I*  nuunci  a  rniLLir^,  inv, 

I  Manufacturers  of  | 

300MM  BMConi,  Obstruction  Lithts,  Photo-  , 
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multiple  terminal  waveguide  com¬ 
ponents  that  can  be  built  with  or 
without  ferrites  are  discussed  more 
in  terms  of  physical  principles 
rather  than  in  detailed  mathemat¬ 
ics. 

In  the  space  wave  propagation 
field,  the  rapid  development  in  the 
last  few  years  has  been  the  theoreti¬ 
cal  and  experimental  understanding 
scattering  wave  propagation  which 
puts  the  beyond-the-line-of-sight 
propagation  for  microwaves  on  a 
systematic  engineering  basis.  The 
author  has  assembled  a  number  of 
nomograms  and  charts  which  will 
help  engineers  in  the  design  and 
selection  of  power  requirements, 
antenna  gain,  etc.,  for  a  given  sig- 
nal-to-noise  reeeption  between  dif¬ 
ferent  distances  around  the  earth 
and  with  various  terrain  conditions. 

This  book  should  be  a  useful  ref¬ 
erence  for  those  who  are  engaged 
in  the  studies  of  microwaves  propa¬ 
gation  and  as  an  introductory  to 
those  who  would  like  to  learn  more 
about  the  latest  developments  in 
this  field. — C.  C.  Wang,  Sperry 
Gyroscope  Co.,  Division  of  Sperry 
Rand  Corp.,  Great  Neck,  N.  Y. 
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THUMBNAIL  REVIEWS 


The  Science  of  Engineering  Materials. 
Edited  by  J.  E.  Goldman,  John 
\\  ilcy  &  Sons,  New  York,  1957,  517 
p,  $12.00.  An  outgrowth  of  a  scries 
of  studies  and  conferences  on  the  in¬ 
troduction  of  solid-state  physics  and 
chemistry  into  engineering  education, 
this  book  will  be  of  interest  to  per¬ 
sons  entering  work  in  surfaces,  di¬ 
electrics,  strength  of  materials,  mag¬ 
netism,  semiconductors  and  amor¬ 
phous  materials. 

The  Index  of  Technical  Articles.  Iota 
Services  Ltd.,  38  Farrington  St.,  Lon¬ 
don,  E.C.  4,  England.  Monthly  in¬ 
dex  of  articles  appearing  in  scientific, 
industrial,  technical  and  trade  jour¬ 
nals  published  in  Great  Britain. 
Entries  are  in  modified  form  of  Uni¬ 
versal  Decimal  Classification  System 
and  consist  of  title  and  author  of 
article  and  name,  volume,  number 
and  date  of  periodical.  Prices  are  6 
months,  3  guineas;  1  year,  6  guineas 
and  single  copy  10/6. 


Caledonia  combines  four  functions  in 
miniaturized,  shock-resistant  package. 


Electronics  today  is  partly  packaging 


kabob  in  a  metal  case  filled  with  an  epoxy 
foam  compound  to  hold  the  parts  in  a 
firm  ciuhion. 

TIME  ELAPSED:  From  original  assign¬ 
ment,  through  design  to  volume  produc¬ 
tion-two  months. 

If  such  quick,  dependable  assistance  in 
design  and  production  can  make  your 
work  more  effective,  we’ll  be  glad  to 
hear  from  you.  We  offer  experience, 
good  production  facilities,  and  a  recog¬ 
nized  quality  record. 


PROBLEM:  Design  a  small  (50  cubic  in.) 
and  light  (3H  lbs.)  unit  that  conuins: 

1.  a  positive  d.c.  pulse  selector 

2.  a  negative  d.c.  pulse  selector 

3.  a  high  level  60  cps  band  pass  filter 

4.  a  400  cps  deteaor  circuit 

(all  with  tight  tolerances,  naturally). 

Design  it  to  operate  within  the  usual 
military  environmental  conditions,  in¬ 
cluding  high  vibration  and  shock. 
SOLUTION:  We  assembled  the  ^ 
components  shishkabob 
style.  Then  mounted  the 
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COMMENT 


I 


How  to  design 

ELECTROMC 
CIRCUITS 


Practical  handbook  givos 
you  .  .  . 

•  Clear  explanations  ( 
basic  theory 

•  Applications  of  theory 
to  real  design  prob¬ 
lems 

•  A  wealth  of  needed  design  data 

THIS  handbook  of  fondamentalH  and  data 
■will  help  you  in  the  design  of  all  types  of 
electronic  equipment.  A  large  number  of  the 
circuits  used  in  many  different  applications 
is  covered,  together  with  theoretical  and 
technical  discussions  and  explanations,  de¬ 
sign  examples  to  show  application  of  theory, 
and  graphical  and  tabular  data  needed  in 
day-to-day  design  work.  The  entire  elec¬ 
tronic  field  is  covered,  ranging  from  vacuum 
tube  and  transistor  fundamentals,  voltage 
and  power  ampliflers,  to  such  topics  as  com¬ 
puter  and  servomechanism  techniques,  wave¬ 
form  and  network  analysis. 

The  aim  throughout  the  book  is  to  present 
detailed,  practical  design  data  in  a  clear 
and  concise  manner.  The  book  covers  many 
topics  at  great  length, 
and  the  treatment  of 
several  subjects,  such 
as  receivers,  is  not  only 
unusually  complete,  but 
by  far  the  clearest  ex¬ 
planation  of  the  essen¬ 
tials  of  the  particular 
field  available  to  the 
engineer  or  designer. 

ELECTRONIC 
DESIGNERS'  ^ 
HANDBOOK 

ROBERT  W.  LANDEE 

General  Manager  and  Chief 
Electronic  Engineer, 
Potter  Pacific  Corp. 
DONOVAN  C.  DAVIS 
Assistant  Director 


COVERS; 

•  transistor  circuits 

•  computer  elements 

n  servomechanisms 

and  applications 

•  low-noise  r-f  am¬ 
plifiers 

•  chopper-stabilized 
amplifiers 

•  low-power  trans¬ 
formers 

0  antennas 

•  and  many  more, 
for  a  complete 
coverage  of  the 
field  of  electronics 


of  Engineering 
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ALBERT  P.  ALBRECHT 
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1016  pages,  6x9, 

982  illustrations,  $16.50 
EASY  TERMS:  $4.50  in  10 
days,  then  $4.00  monthly 
until  $16.50  is  paid 


FREE  EXAMINATION  COUPON 


McGraw-Hill  Book  Co.y  Dopt.  L-3-14 
327  W.  41st  St.,  New  York  36,  N.  Y. 

Smd  me  Landes*.  Darts  and  Albrecht's  ELEC¬ 
TRONIC  DESIGNERS’  HANDBOOK  for  10  days' 
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(check  one)  □  send  you  the  full  price  of  $16.50: 
or  G  $4.50,  then  $4.00  a  month  until  the  full  price 
IS  paid.  Otherwise,  1  will  return  book  postpaid. 
(We  pay  deliver>’  costs  if  you  remit  with  this 
coupon:  same  return  privilege.) 
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Classroom  Tv 

In  omitting  the  name  of  General 
Preeision  Laboratory  (GPL)  from 
“Classroom  Tv  Makes  Grade”  (Jan. 
24,  p.  19),  you  are  giving  less  than 
a  fair  pieture  of  those  organizations 
eontriiniting  to  the  field.  In  view  of 
your  publieation’s  high  standards  of 
aeeuraey  in  reporting  on  the  elee- 
tronies  field,  we  trust  you  will  bring 
these  facts  to  the  attention  of 
your  readers. 

General  Precision  Laboratoiy  has 
been  active  in  the  educational  t\’ 
market  for  several  years.  Its  broad¬ 
cast  and  closed-circuit  tv  equip¬ 
ment  is  in  use  in  40  schools, 
colleges  and  other  institutions 
throughout  the  countr\-.  Further, 
GPL  is  the  outstanding  developer 
of  large-screen  projection  tv  sys¬ 
tems.  In  addition  to  their  use  for 
group  communications  and  infor¬ 
mation  display,  these  portable 
systems  arc  currently  aiding  in  in¬ 
structing  students  in  closed-circuit 
and  off-the-air  applications. 

In  the  area  of  video  recording, 
19  of  the  32  educational  tv  sta¬ 
tions  on  or  scheduled  to  be  on  the 
air  have  GPL  recorders  and  a  num¬ 
ber  of  others  are  expected  to  ac¬ 
quire  these  systems. 

Stew.vrt  P.vrdee 
General  Precision  Labor.\tory 
Pleasantville.  N.  Y. 


A  List  of  -Istors 

(“Fast  Cryogenic  Memories 
Bow,”  Oct.  1  ’57,  p  8)  reports  a  new 
electronic  component,  the  p>cr- 
sistor.  Present  terminology  of  -istor 
components  is  continuallv  growing 
into  an  intriguing  list.  To  keep  a 
finger  on  the  pulse  of  all  that  is 
happening  in  electronics  is  an 
arduous  task  indeed.  The  rapid  ad¬ 
vancement  of  research,  design  and 
development  is  outpacing  the 
ability  of  the  individual  design 
engineer  to  catch  up  with  all  that 
is  new. 

This  list  of  -istor  components 
may  stir  the  curiosity  of  some  who 
mav  not  be  familiar  with  all  the 
names. 

The  transistor  consists  of  a 


American  Blower  suggests: 

PACKAGED  CURE  FOR 
HEAT-CAUSED“BUGS” 


Countless  “bugs”  in  delicate  elec¬ 
tronic  equipment  result  from  de¬ 
terioration  of  components  from 
their  own  heat.  Cure:  Depend¬ 
able  cooling,  provided  by  an 
American  Blower  packaged  air- 
moving  unit.  Numerous  sizes  and 
designs  to  choose  from— many  can 
be  modified  as  needed.  Or,  if  nec¬ 
essary,  we  can  start  from  scratch 
and  design  a  fan  or  blower  to  fit 
your  exact  needs.  For  individual 
specification  bulletins,  write, 
detailing  your  requirements. 
American-Standard,*  American 
Blower  Division,  Detroit  32, 
Michigan.  In  Canada:  Canadian 
Sirocco  products,  Windsor,  Ont. 

FOR  COOLING  ELECTRONIC 
EQUIPMENT  IN  AIRCRAFT 


Small  aluminum  axial-flow  fan.  Ca¬ 
pacity:  110  cfm  @  0.6"  sp  to  165  cfm, 
free  tleliverv  @  7250  rpm.  AVrite  for 
Bulletin  3812. 


FOR  RADAR  COOLING 
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m 
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Aluminum  pressure  blower.  Capacity: 
984  cfm  @  1"  sp  to  536  cfm  @  7"  sp 
@  3450  rpm.  Write  for  Bulletin  4512. 


*  /OtBOam-JSOenSiad  ud  ^Staadaudn  are  trademark, 
of  American  Radiator  A  Standard  Sanitary  Corporation. 
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CURTISS' 


ON  ANY  PART 
TO  ALL  SPECS 


fUCTRONICS  DfVUION 


CO«POIt»IION  •  y  I 


IAC£..  JO  OUTER  SPACE/ i 


WRITE  FACTORY  AT 

I582H  East  31st  Street,  Cleveland  l4,  Ohio 
for  free  gold ■  plated  anniversary  clip! 


Built  to  individual  specifications  both 
military  ond  commercial  re9ardtess  of 
order  size.  Wire  sizes  18  to  42  AWG. 
Plain,  wrapped,  waxed,  varnished  or 
encopsuloted. 

Extensive  test  and  production  facilities 
include  modern  toroidal  winding  machines, 
machine  shop,  tool  room,  impregnation 
and  encapsulation  equipment. 

Send  drawings  or  specifications  for  quo¬ 
tation.  For  quality,  dependability,  low 
cost — 


Branch  factory;  Cassville,  Wise. 
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the  world's  major  manufacturers 


. .  with  plated-thru  holes? 
What  are  realistic  specifica¬ 
tions? 

Find  out  at  Booth  #2001  at 
the  IRE  Show  or  write  to 

ELECTRAUB  INC. 
INDUSTRIAL  CENTER 
NEEDHAM  HEIGHTS,  MASS. 

SUSSIDIARV  or  FARRINGTON  MFG.  COl 
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TEST  CLIPS 


celebrates  its 

FIFTIETH  ANNIVERSARY 
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BcisTSimhI  irTS  133i 

ARNOLD /TOROIDAL  COIL  WINDER 

'  sets  up  quickly . . .  easy  to  operate,** 
takes  wide  range  of  wire  sixes 


SFBCIPICATIONS: 

*  Min.  finished  hole  size:  .18  in. 

*  Max.  finished  toroid  O.D.:  4.0  in. 

*  Winding  speed:  1500  turns/min. 

*  Wire  range:  AWG  44  to  AWG  25 

*  Duol,  self-checking  turns  counting  system 

*  loading  (wire  length)  counter 

*  Core  range:  I.D.  to  sT  O.D.  to  114* 


UABORATORY  USB 

•  Change  wire  and  core  size  in  45  seC. 

PRODUCTION  USB 

•  1500  turns  per  minute 

•  Insert  core  ond  lood  in  20  sec. 

MtlCf:  $1200  includes  all  rings,  counters  and  accessories 

IfiATE  OBiVEIty.  Uf^ature  on  request  ^  '3 

RMOIsD  MAONETICS  CORP.1 

lU  W.  Jefftgon  Bird..  Los  Angeles  10.  Calif.  '] 

ClftCU  2M  READERS  SERVICE  cXrd  ' 


We  also  whd 
toroidal  trans¬ 
formers  for 
military  envi¬ 
ronment  to  your 
specifications. 


POTTING  COMPOUNDS  YOU  CAN  DEPEND  ON 


Send  for  brochure  on  com¬ 
plete  line  showing  specifi¬ 
cations 


for 

audio,  power  and  ballast  transformers;  capacitor 
and  component  assemblies;  solenoid  coils;  stator 
windings;  terminal  exposures  and  many  others. 

Available  in  both  thermoplastic  and  thermo-re¬ 
active  types  with  or  without  heat  conductivity  proper¬ 
ties.  High  and  low  temperature  resistance. 


BI  WAX  I  3446  Howard  St.,  Skokie,  Illinois 

CORPORATION  |  Phone  AMbassador  2-3339 
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FOR  PRINTING 

of 

ELECTRONIC  COMPONENTS 
of  almost  any  shape: 


REJAFIX  MARKING 
MACHINES 

Hand-oparatad,  sami-oulomatic  and  fully 
automatic  medals 

Why  not  sand  us  somplai  of  your  products. 
Thoy  will  ba  tast-printad  and  ratumad  to  you 
for  your  axominatienl 

Est.  1922 

POPPER  &  SONS,  INC. 

300  Fourth  Ave.  New  York  10,  N.  Y. 


specially  processed  semiconductor, 
cither  gennanium  or  silicon,  which 
can  amplify  electrical  currents.  At 
low  frequency  and  low  power, 
where  vibration  resistance  is  im¬ 
portant,  the  transistor  can  surpass 
the  vacuum  tube,  but  it  is  a  poor 
performer  at  high  frequencies  and 
high  temperatures. 

The  spaceistor  takes  over  at  high 
frequencies  where  the  transistor 
fails  due  to  slow  motion  of  the 
charge  carricn  through  the  base 
region.  A  strong  accelerating  field 
in  the  base  region  accelerates  the 
charge  carriers  to  permit  amplifi¬ 
cation  at  10,000  me.  The  upper 
temperature  limit  is  500  C  against 
200  C  for  the  transistor. 

The  dynistOT  is  a  semiconductor 
diode  with  the  unique  characteristic 
of  having  two  distinct  conduc¬ 
tivities  in  the  reverse  direction.  It 
can  switch  from  blocking  to  hyper- 
conductive  condition  in  less  than  a 
microsecond.  It  can  operate  with 
continuons  current  as  high  as  11 
amperes. 

The  magnistor  is  a  small  ferrite 
reactor  with  fast  response.  It  can 
control  pulses  of  one  or  two  micro¬ 
seconds  duration. 

The  nesistOT  was  introduced  by 
Robert  G.  Pohl  last  August.  It  is  a 
semiconductor  with  a  wide  range  of 
negative  resistance  characteristics. 

The  thermistor  is  a  w'ell  known 
versatile  component  with  negative 
resistance-temperature  character¬ 
istics. 

The  varistor  is  a  voltage-sensitive 
nonlinear  resistor  made  of  thyrite 
compound. 

The  precistor  is  a  boron-carbon 
resistor  which  maintains  a  high 
degree  of  accuracy  under  varying 
temperatures;  it  is  used  where  re¬ 
sistance  stability  is  essential. 

The  persistor  is  a  small  bimetal¬ 
lic  loop  which  operates  at  tempera¬ 
tures  close  to  absolute  zero.  Its 
resistance  is  zero  in  the  supercon¬ 
ductive  state  and  a  current  started 
by  a  pulse  will  continue  to  flow  un¬ 
hindered  in  the  metallic  loop  until 
reversed  by  another  pulse.  A  half 
million  persistors  can  be  assembled 
in  a  cubic  foot  of  space.’ 

John  }.  Rivera 

Federal  Telecommunications 
Labs 

Belleville,  N.  J. 
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